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To the Teacher 



This manual is addressed principally to vocational school students, although 
the selection of material is actually broad enough to make it eminently suitable for 
students in academic middle schools or high schools. 

Learning to ''think metric" is the key to learning the new system of 
measurement, the metric system. Learning to use metric units is like learning a new 
language. In a sense, students will become bilingual in measurement. For the next few 
years, their primary measurement ''language" wdll still be the English system. Their 
secondary measurement language will be the metric system. Gradually, as the metric 
system becomes more commonly used, it will become their primary m.easuremcnt 
language, and the English system of measurement will fade into the background. 

Students must learn to ^/isualize distances, volumes, weights, etc. in metric 
units. They must think kilometers, cubic meters, grams, kilograms, etc. Con^'e^ting from 
EngHsh units to metric units should be discouraged, because it deters students from 
thinking metric. The use of realistic vocational problems with actual metric measurement 
tools should be encouraged, so that students can attain a working, thinking knowledge of 
the metric measurement system. 

This book is a review of mathematics fundamentals, using metric units of 
measurement. It utilizes a common-sense approach to the degree of accuracy needed in 
solving actual trade and cvery-day problems. Stress is placed on reading off metric 
measurements from a ruler or tape, and on changing units by moving the decimal point. 
The book is designed, finally, to reinforce the student's ability to solve problems 
involving linear distances, areas, and volumes. 

Attention is called to the numerous conversion charts in the appendix, as 
well as charts of screw-thread sizes. 
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Lesson 1 



I - I INTRODUCTION TO METRICS 

^_ Why Change to Metric Measurements? 



Objectives; 

1. You should be able to explain why many American manufacturers are using 
metric measurements for their products. 



2. You should be able to explain how a change co the metric svscem will affect 
your trade .a-ea. 



World trade is important to the United States. We buy 
oil, sugar, television sets, cameras, cars, and other products frorn 
foreign countries. Using the products (clothes, autos, etc.) is 
easier if we use the same units of measure. 

For example, would you know how to buy clothes in 
England? Metric centimeters are used for clothing sizes in 
England. A woman who measures 34-24-3.6 in inches is 85-60-90 
in centimeters. 

Clothing sizes are different in countries that use the 
metric system. When we sell clothing to other countries, we 
must use sizes that they understand. A 24-inch waist may be the 
same as a 60-centimeter waist, but they sound different. 

We use auto speedometers to aicasure speed. Your car 
measures speed in miles per hour. VW's made in Germany for 
Germans measure speed in kiJometers per hour. Look at these 
two speedometers. Which speedometer measures speed hke a VW 
sold in the U.S.? Why?^ 
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Metric measurements change ' more 
than just the speedometer of a car. ^AJl of 
the nuts and bolts of most foreign cars are 
in metric measurements. Foreign cars need 
metric tools. They also need metric nuts, 
metric bolts, and metric replacement parts. 

Using two measurement systems 
costs more money. All other industrial 
nations use the metric sysrcrn. Many of 
these other nations say. '*Sel] metric to us or 
we won't buy.'' American businesses make 
products in one set of measurements (inches, 
pounds, etc.) tor the U.S. market; then they 
have to make the products in another set of 
measurements (metric) for foreign trade. 

Some U.S. com.panies are changing 
to the metric system to save money. The 
Chevette was the first American car to go 
metric. This was in 1975. For the first time, 
one U.S. -made automobile made by one set 
of measurements (metric) could be sold all 
over the world. Thus Chevettes exported to 
Europe could be repaired with replacement 
parts made in Europe. 
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The Caterpillar Tractor Company has also changed to the metric svstem. Their 
tractor parts are interchangeable all over the world. So a tractor part made in France fits 
a tractor made in the United States. IBM and International Harvester companies axe 
examples of other companies thc.t have gone metric. 

The metric system isn't new. Metric measurements have been used for manv 
years for prescription drugs and photographic equipment. For example, the 35 mm 
camera uses 35 millimeter film. Nutrient conten:s of foods are listed on labels in c;rams 
and milligran)s. Each year many products switch to metric measurements. 

Cec ready. Metric is coming. Will you be ready? 

For Class Discussion 

1. How will metric measurements change clotJjing sizes? 

2. Do mechanics need new wrenches for metric automobiles? 

3. You need a metric hat* Would you use a measuring tape or a math problem 
to find the answer? Why? 

4. When carpentry goes iietric, list the metric tools that tlie carpenter will 
need. 

5. When air conditioning, heating, and refrigeration go metric, list the gages that 
will have to be changed. 

6. What tools will change in some ol the other trade areas? 

7. Hov*^ will a change to the metric svstem affect your own trade area? 



10 



Lesson 1 



UNIT n - WORKING WITH METRIC MATH 

Reading and Writing Decimals 



Objective: You should be able to read and write decimals. 

Decimals are part ot our daily lives. Money is usually wTitten as a decimal. All 
metric measurements wall use decimals. So using decimals is important in a metric world. 

Decimals are really fractions that have denominators of 10. 100, 1000, etc. Like 
other fractions, all decimals are less than one. In decimal fractions, we replace the 
denominator of the fraction with a decimal point, so. . . . 

* The fraction ^becomes the decimal .9, 

* The fraction Jqq becomes the decimal .09, 

* The fraction j^^.becomes the decimal .009. 

Study the table below. It will help you understand decimals and learn how to 
read them. 



Decimal Fraction Read 

,1 one-tenth 

,01 YoO one-hundredth 

.001 io6b one-thousandth 

.0001 TOOOO" ten-thousandth 

.00001 iTrHnfTn" one hundred-thousandth 



In the same way, 

.3 is read **three-tenths" 
.03 is read **three-hundredths'' 
.003 is read '^three-thousandths'' 
and 

,23 is read ''twenth-three hundredths" 

.724 is read '*seven hundred twenty-four thousandths" 
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Whole numbers with decimals, or mixed nambers, can be read a-s follows: 

3.4 is *'three and fourteenths*' 
or '*three point four'' 

17.83 is ^'seventeen and eighty-three hundredths" 
or **seventeen point eighcy-three** 

The decimal point, you can see, is read as '*and'' in the first way. aiid '*point" in 
the second wav. 

PROBLEMS 

1. Write the following as decimals. 

a. Four-tenths 

b. 17-hunGredths 

c. Nine-hundredths 

d. Twelve-thousandths 

e. 72 ten-thousandths 

f. Seven and three-hundredths 

g. Fifty-three and two ten-thousandths _ 

h. Twenty-nine and ninety-nine thousandths 

2. Write each of the following as words: 

a. .2 

b. .84 

c. .621 

d. 3.07 

e. .721 

f. 4.52 

g. 36.0009 

h. 8.372 

i. 6.06 ^ 

j. 4.208 

12 

5 



k. 16.075 

1. .050 

m. 1.0032 

n. 10.4009 

o. .998 

p. 149.7 

q. 35.485 

r. $22.98 
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UNIT II - WORKING WITH METRIC MATH 



Lesson 2 Multiplying by 10 and 100 

'tivc: You should be able to multiply by 10 and 100 by moving the decimal 
point. 

One of the nicest things about using metric math is that changing from large 
- units of measurement to small units (or the other .way around) is so easy. Metric units go 
by lO's. So, we multiply or divide by 10, 100, 1000, etc, to change from one unit to 
another. It works like our money system. When we count money, the dollar is the basic 
unit, 

1 dollar = 10 dimes, or 1 dime = ,10 of a dollar * 

1 dollar = 100 cents, or 1 cent = ,01 of a dollar 

li^e convert (change) from larger units to smaller units by multiplying. Watch 
how it works, 

0 . . ^ ' . - ' 

Convert (change) 18 dollars to dimes. The dollar is the larger unit. It has 10 
times the value of a dime. So we have 10 times as many dimes as dollars. In other words, 
we need to multiply 18 dollars by 10 to get the number of dimes, . 

To multiply by 10, move the dectjual point ONE place to the RIGHT 

Where is^ the decimal point in the number/18? Since no decimal' point appears in 
the number, we know that it is- a whole number, and therefore it really has a decimal 
point understood at the end of the number, 

S18 = SIS,^ 

Then how can we move the decimal point one place to the right? 

To do this we must write $18 as $18.0, It still means the same thing, 

S18- X- 10- = 18vO>-^ ISO dimes - - 

-Now, if wc want to convert the 18 dollars to cents, we must remember that a 
dollar has 100 times the value of a cent. To multiply by 100, we move the decimal point 
TWO places to the lUGHT 
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So, $18 X 100 = 18.00^ = 1800 cents. 
So we can call our $18 

18 dollars 
or 180 dimes 
or 1800 cent 



PROBLEMS 

1- A roll of dimes from the bank has $10 in it. How many dimes are 
there? / • 

2. Your boss needs pennies for change. He sends you to the bank- with 
74 dimes to change^ for pennies. How many pennies will you have? 



3. You have S54 to change into dimes.. How many dimes will you have? 



4. 


Change the $54 into pennies. 


How m^iny pennies will you have? 


5. 


Change $3.50 to dimes. 




6. 


Change $3.50 to pennies. 




7. 


Change $400 to dimes. 




8. 


Change $14.57 to pennies. 




9. 


Which way did we move the 
Why? 


decimal point in problems 1 thro 



10. ^ Do we multiply or divide when we change from larger units to smaller 
units? Why? 



15 
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Lesson 3 



UNIT 11 - WORKING WITH METRIC MATH 

- ^ Dividing by 10 and 100 



t)bjective: You should be able to divide by 10 or 100 by moving the decimal point. 

' In lesson 2 we changed larger money units to smaller units by nv^Mnlving by 10 
or 100. Now we will convert (change) from stnallcr units' ' .jy dividing. 

Watch how it works. 

^ Convert (change) 300 dimes to dollars. The dime is the smaller unit. It is only 
1/lOth or .10 of a dollar, because there are 10 dimes in a dollar. Therefore we will have 
„ fetver dollars than dimes, and we will divide by 10. 

I' 

We divide by 10 by moving the decimal point ONI: place to the LEfTy like this: 

300 dimes 10 ^ 300,. = 30.0 dollars = 30 dollars 

Now, if we want to change 3,000 cents to dollars, wc must remember that a cent 
is only 1/lOOth or .01 of a dollar, because there are 100 cent in a dollar. We must divide 
the 3000 cents by 10( . 

■■ 

To divide by 1 10, we move the decimal point TWO j : y to the LETT. 

3,000 cents 100 = 3000. dollars =^ 5 J dollars = 30 dollars 

PROBLEMS 

1. ^ Change 4,782 cents to dollars. 

2. Change 74 dimes to dollars. 

3. Change 800 cents to dimes. 

4. Change 670 cents to dimes. 

5. Change 260 c - dimes. 

6. Change 1400 - . zo dollars. 

7. Express ^1450 c n: as dollars. 

8. Express 2295 cents as dollars. 

9. Which way (right or left)did we move the decimal point in 
problems 1 through 8? 

10. Do we multiply or divide when we change from smaller 

units to larger units? Wjiy? 

16 
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Lesson 4 



UNIT II - WORKING WITH METRIC MATH 

Reading Metric Math 



objective: You should be able to tell how the size of metric measures can be told 
from the measurement name itself.. 



In the U.S. system of weights and measurements, changing from one unit to 
another is a long process of multiplying or dividing by -hard numbers, ^or example, to 
change 50 ounces to pounds, we have to divide 50 by 16 (the i aoqt of ounces in a 
pound.) 



3 

48 
2 



Answer: 3 lbs. and 2 ounces 



Working with metric math, however, is easy. 
'Stem, "^his means that every unit is 10 times as big as 
le sizt. jf the next larger unit. Therefore changing fror 
s mov. / g a decimal point! 



system ii ^ decimal 
■:r~aller unit, and 1/1 0th 
:o another is as simple 



Watch how it works with money. The dollar is u ?xS\c unit for measuring 
noney. The dime is .1 or 1/1 0th the value of a dollar, a czn ' :s .1 or l/lOth the value 
' f Jime, it is also .01 or 1/lOOth :he value of a dollar. 

dime = 1/1 or .1 of a dollar 
cent . = 1/100 or .01 of a dollar 
mill = 1/1000 or .001 of a dollar 



The' metric system uses prefixes on the unit nam: 
is. Three of the prefixes are shown here. They may rer 



tel. you how large something 
f our money system: 



deci ' = means 1/10 or .1 
centi = means 1/100 or .01 
milli = means 1/1000 or .001 

If deci is 1/lOth, what is it 1/lOth of?The prcti :.;s i le metric . ; s em are 
attached to, . the basic unit . to show what- -^is- - being )7ieasi iid. F .r example* xXic meten- 
MEE-tcr) is the basic unit for measuring lengths. 



So, 



a decimeter = 1/10 or .1 of a meter 
a centimeter = 1/100 or .01 oi :) mcr r 
a millimeter = 1/1000 or .001 of a 
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Metric also uses three other 'prefixes. These have values greater than the base unit. 



So, 



deka means 10 times 
hecto means 100 times 
kilo means 1000 times 



a defcameter =10 meters 
a hectometer ==100 meters 
a kilometer = 1000 meters 



centi 1/100 
milli - 1/1000 



AltTiough metric uses all of these prefixes, and you will learn what they mean, in 
actual day-to-day use only a few of them are used very much, 

^ Let's see if we can't find some ways to remember these prefixes. The trick is to 

connect each one in your mind with some way o'f remembering what number the prefix 
stands for. 

deci — 1.10 This prefix comes from the Latin word '*decimus," meaning one-tenth. 

It is the prefix upon which the decimal system is based. But how to 
. remember it? . 

This is a hard one, to be sure. But perhaps you have heard the word 
''decimate/' meaning to destroy a large part of, as ''the epidemic 
decimated the^ population of the area." This word originally referred to 
a way of punishing a group of people, say, an army division that had 
rebelled. One out of every ten men (one-tenth) were selected by lot, 
and these men were killed! The division , was decimated. 

This is an easy one. One cent is one-hundredth of.a dollar. 

We have a word ''mill" in our money system, meaning one-tenth of a 
.cent or one-thousandth of a dollar. We don't actually have the coin, 
but the word is used in taxation — a tax of so many mills per dollar of 
value. Electricians often use the words ''milUampere'^ and ''millivolt, 
meaning one-thousandth of an ampere or a volt. 

deka — 10 times Do you know the word "decade^^? It means a period of 10 years. If 
you find' that word hard to remember, try thinking of^ "deckiug^^ a 
prizefighter for the count of 10! 

hecto — 100 times This prefix is not used very much, either in the metric system or in 
English words^ But J.00 is a "heck of a lot," especially if you've got 
100 Hollars to spend! 

kilo — 1000 times Here again the electricians have an advantage — they already know 
about the kilocycle (lOOt) cy cles) and the kilohertz, equal to 1000 
cycles per second. Our parents pay the electric company according to 
the number of kilowatts (1000 watts) used. But if electrical terms come 
hard, think of - our government's capacity for overkill with nuclear 
bombs! 

18 

11 



ERIC 



PROBLEMS 

1. Which is larger? 

a. centimeter or meter . ^ 

b. centimeter or millimeter ' ^ . 

c. meter or kilometer . 

d. millimeter or kilometer . . 

e» millimeter or meter \ 

2. If each unit below is .1 of the next larger unit, how many: (Be careful, it's tricky.) 

a. millimeters in 1 centimeter 

b. centimeters in 1 decimi^ter 

c. decimeters in 1 meter 

d. dekameters in 1 hectometer ^ ^ 

c. hectomcti^rs in 1 kilometer ^ • - - 

3. If each unit below equals l'" times the next smaller unit,'^ how many: 

a. kilometerr in 1 hectometer 

b. hectometers in 1 dekameter 

c. dekameters in 1 meter . 

d» meters in i decimeter 

e. decimeters in 1 centimeter L 

4. Define these measurements: 

a. kilometer \ 

b. meter . \ 

c. centimeter ^ 

d. millimeter , 

.5- . if ,y QU ..are-^usually-ru^hed-f or- dmo-. in.. rr ; ;• niorning,.. whicL,would..<you...rather,-,bc^-----.l., 
kilometer away from your school or 5 . meters? 
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6'. If milk is your favorite drink, which would you rather have - a liter of milk or a 
milliJeter? 

7. One vitamin-C tablet contains a gram of the vitamin, and another contains 1000 
milligrams.. Which tablet has more vitamin C? 

'''* 

8. A centimeter is wh:\' ^art of a meter? 

"J A tabL of food values listed all fooL:.- in 100-gram portions. Can you figure out 
another way of saying 100 grams? 

10. A bill for electricity charged by the ki! watt-hour. Hov/ else ^ould you say the same 
thing? 
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UNIT HI LINEAR MEi.3UREMENT 



Lesson 1. ' ^ _B£?^i!!IS_- '^^ 

.iiuula -ic lo cake short measurements with a meter stick or 

ruier. 

Taking ineasurements o: things with a yardstick, tape, or ruler is far frc :'i easy. 
There are 3 fccc in a yard, 12 inches in a foot, and each inch is divided into halves, 
quarters, eighths, etc. Mistake, r.re very likely to creep in somewhere and goof up your 
measurement. 

Taking measurements metric is much, much simpler. Remember — metric is all 
based on the number 10. 

First, let's see how ; -g the standard measure of length (linear measure) is. Your 
instructor will show you a m_:jr stick and a yardstick. You wUl see chat the meter is a 
little Iohl jr tl:an a yard. Here i a picture that shows the difference. 

1 METER 



1 YARD 



Now let's look more closely at the meter stick. One end of it looks like this: 



«f7l«^ ^ 4 5 i j i 9 lb 11 lb' 13 14 15 

Each one ot chose lines across the stick stands for 1/100 of a meter. But we already 
know what 1/100 of a meter is. It is a centimeter. 

Now let's look mor closely at the centimeter. The distance from 0 to 1 in this 
picture is one centimeter. 



imfTTTmr 



0 



1 

cm 



T .c centimeter is its , If :vided into 10 parts. Do you remember the name c r the 
next smaller metric measure ::ic : : ? . . , . if you said millimeter, you were r ght. The 
distance between each two Unci is one millirieter, and the whole centimeter is equJ to 
1 0 millimeters. 
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^'■^1-^ fact that we are dealing with numbers that go by tens and handrcas j, :an. 
^Ji-it read a measurement off directly in decimals. 



For example, suppose we measured something and found chat it came to 5 
centimeters and 1 millimeter. We know that 1 mm = .1 crn; so we would simply say the 
measurement wa^ 5.1 cm. 




9 10 



t 

Similar!; , if the measurement came to 7 cm and 8 mm, we could read if off 
directly as 7.8 c 

Here is another picture of the first part of a merer sti^!c. Notice, how the 
different measurements are read. - ' 



.5 1 



2.1 



3.3 



4.5 



TOT 



5.8 



0 1 

cm 



7.9 



9.6 



n'|riii|ii1i|iin{iiiijiiii{iiii|in[]ini|' 

5 6 7 
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9 10 11 



12.3 



{iilljll 

12 



13 



13.7 



15.1 



TjTTTTJTTTTjtl 
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All measuremehts, as you know, are approximations. We use ihc degree of 
accuracy that the situation calls for if we are measuring a window for drapes or curtains, 
it would be accurate enough to measure it to the nearest whole centimeter. If we were 
measuring the same window for a window shade to fit into brackets on the inside of the 
frama, we would surely need an accuracy to the nearest tenth of a centimeter -~ that is, 
to the nearest millimeter. If wq were manufacturing window locks, we might want the 
mating parts accurate to the nearest tenth of a millimeter. If we were manufacturing 
.screws and bolts, we would probably have to have our measurements accurate : . 
hundredths of a millimeter. 

Right now, as wc get used to working with metric, we will use ordinary tapes 
a: A ruijrs. and we will take fairly rough rr;ieasurements. 



To help you think in metric terms, here are three 



common metric measurements. 



A dime is 'abonr 1 -millimeter Thickv - • 

A piece of chalk is about 1 centimeter thic v. 

^he distance frcm a doorknob to the floor is about 1 meter. 
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PROBLEMS 

1. Write in the number of centimeters anc millimeters for points A through H as shown 
on this metric ruler. Then express eaeh jne in centimeters, using a decimal. 

Example A B C D E F G H 

f|nii|ini|nn|i[ri]n^ 

2 3 4 5 6 7 8 9 1 0 1 I J 2 1 3 14 1 5 




Example: ] cm 6 mm or 1.6 cm 

A. Ciii mm o: em 



B. or 



C. or 



D. or 



E. or 



F. or 

G. ' or 



H. or 



2. Now write the number of centimeters ^or A through H on this section of a meter 
stick. f . 



19 20 21 22 23 24 25 26 27 28 29 30 31 32 3j3 2 

— ^ — f p-f — t t — 1 — — r f — — 

Example A BCDEF G H 

Example: 19^9 cm 

A. c.ni_ E. 



B. 
C. 
D. 



3. Using a meter stick or ruler, give tlic measurements of the following, correct to the 
nearest tenth of a centimeter. 

A. The width o[ this math book 

B. The lieight of this math book 

C. The distance from the line r^f B i problem 1 to the line of H 

D. The distance from the line of A :ii p-'.iblem 2 to the line of D 

E. .. The length and width of a floor 'ile in the classroom - 
P; The diagonal of a floor tile, froi^ Lonier to eorner 

G. The dimensions (^f a single wine w pane 

23 



Give these measurements correct to the nearest whole centimeterc 

A. The width of a file cabinet 

B. The depth of a bookcase - 

C. The height from the floor to the top of the teacher's desk 

Measure the following, giving your answers correct to the nearest uiillimeter, 

A. The thickness of this math book 

B. These distances (write on the lines) 



C. The dimensions ol: the light switch on the wall 

D. The length of your shortest fingernail 

E. The length of your longest fingernail 
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Lesson 2 



UNIT in - LINEAR MEASUREMENT 

Measuring Longer Distances 



Objective: You should be able to take metric measurements longer than a meter. 

You muy need to take measurements of longer distances from time to time. You 
might have to order lumber for a job, or get the size of a room in order to buy the right 
amount of carpeting, measure property for fencing, etc. 

There are folding metric rulers and metric tapes that you can use to take these 
measurements. Once again, they are much easier to use than tapes marked in yards, feet, 
and inches. 

Here is a picture of a meter stirk. 

1 iMeter 

The meter stick has been divided into 10 parts. Do you remember the name of 
the measure that is 1/10 of a meter? ... If you said decimeter, you were right. Some 
metric tapes and folding rulers use different colors to mark off the decimeters, but many 
do not. 

Here is the actual length of a decimeter. 



1 Decimeter 



Suppose you took a measurement that came to 2 meters and 1 decimeter. Since 
the decimeter equals 1/10. (or .1) of a meter, you could give the measurement 
immediately as 2.1 meters. 

, Or if a measurement came to 7 meters and 8 decimeters, you could give it 
immediately as 7.8 meters. 

•■ -Most ■ measurements are- read, from -the . cape, ...however,... not in . mcters...and„. 

decimeters (tenths), but in meters and cencimeters (hundredths). These measurements are 
just as easy to read oft. ' 
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Suppose you found that your measurement came to 3 meters and 26 
centimeters. You could just call it 3.26 meters. 



Or it might come to 11 meters and 85 centimeters. Easy! That's 11.85 meters. 

You and your fellow students can measure the classroom and get its length, 
width, and height. Take the measurements first in meters and centimeters, and then in 
meters and hundredths. Get each measurement correct to the nearest whole centimeter or 
hundredth of a meter. 



Length: m cm or 

Width: m cm or 



m 



ni 



Height: m cm or m 

PROBLEMS 

1. Give the following measurements in terms of meters: 



Example 


: 6 


m 7 dm 


6.7 m 


A. 


10 


m 2 dm 


m 


B. 


3 


m 9 dm 


m 


C. 


12 


m 5 dm 


m 


D. 


142 


m 8 dm 


m 


E. 




6 dm 


m 


Give the 


following measurements in te 


Example : 


14 


m 12 cm 


14.12 m 


A. 


''4 


rn 80 cm 


m 


B. 


10 


m 29 cm 


m 


C. 


9 


m 4 CM 


m 


D. 


26 


m 92 cm 


in 


E. 




45 cm 


m 



3. With a partner, take the following measurements in meters and centimeters, correct to 
the nearest whole centimeter. Give your answer in terms of meters, as in problem 2 
above. 

A. The inside height of the door opening in your classroom _ 

B. The length of the chalkboard 

C. ^ The length of the teacher's desk 

26 

E. 
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For Class EHscussion 



1. Would a carpenter measure a door to thc^ nearest meter, decimeter, centimeter, or 
millimeter? Why? 

decimeters, centimeters, or millimeters to measure a 
cloth in terms of meters, decimeters, centimeters, or 

4. - Would a machinist use meters, decimeters, centimeters, or millimeters to measure 

bolts? Why? 

5. What unit of measure would you use for: 



a. 


a window frame 


b. 


floor tile 


c. 


an air duct 


d. 


distances between towns 


e. 


garden fencing 


f. 


tivickncss of a plate or cup 


g- 


spark-plug gap 


h. 


height of a mountain 




a road sign 


j-' 


tablecloth 



6. Measure this board. What unit of measure did you use? What unit of measure would 
you use for a longer board? \ 



\ 




i 2. Would a dressmaker use meters, 

j . person for clothes? Why? > 

"3. Would the dressmaker purchase 

, millimeters? 
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UNIT III ~ LINEAR MEASUREMENT 



Lesson 3 Kilometers 



Objectives: You should know how long a kilometer is. 



You should know the names and meanings of the other metric units 
longer than a meter. 




But. . . ^Officer, I never heard of kilometers per hour! 

THINK METRIC! You may^be glad that you did! 

The meter, we have seen, is the basic unit for measuring lengths — whether the 
length of a boll; or the distance from here to Paris. All of the prefixes (deci, centi, and 
milli) we have used up to now stand for less than one meter (1/10, 1/100, 1/1000). We 
need different prefixes when measuring longer distances. Let us review what they are. 

28 
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The prefix deka means '40 times." A dekamecer is equal to 10 meters. 

The prefLx hecto means ''100 times." A hectometer is equal to 100 
meters. 

Neither of the above units is used very much. What is used a great deal is 
''kilometer/' (Unlike the other metric words, ''kilometer" is usual: pronounced ''kil 
LOM e ter.") 

Kilo means ''1,000 times." A kilometer is equal to 1,000 meters. The 
kilometer is used to measure long distances. 

For Class Discussion . . 

1. A kilometer is equal to about .6 mile. Since it is a smaller distance than a mile, will 
there be more or fewer kilometers than miles in any given distance? 

2. Look at the two speedometer dials below. Are the speeds about the same or 
diffe^^pnt? Why? 




3. Will a car that gets 25 miles per gallon ot gas get more or fewer kilometers per 
gallon? 

4. Which is longer, a racing track that covers a mile or one that covers a kilometer? 

5. On a hike, would you be nearer home if you had two more miles to go or two more 
kilometers? 

6. How many meters in one kilometer? 

7. The class will estimal: the distances in kilometers between several locations that are 
more than 1 kilometer apart. 

29 
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PROBLEMS 

1. Unscramble these mL: . fixes: 

Scramble Metri 
keda 
tohec 
loki 



What are the most cc ictric un:ts for measuring di ': Give at lea-\ one 

example of a length ttiat y .vould measure for each of tiijy. f ir units. 

A. Standard of meas^:. it: Examp. 

B. Smaller measurements: ExampiL 

C. Very small measurements: Example; 

D. Long distances: ^^^^^ Example. 



EKLC 
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UNIT III - LINE. Jl MI 



-sson 4 



Coi 



r-c ' )ne Unit to Anoiher 



-Objective: You should be able to convert (change) 
unit to another. 



i^at from one metric 



Many times when you work a problem you enr 
.iicable. For example, if ) ou wanted to buy favors tor 
\or cost 29 cents, vou'd vant to know the total cc::. 



lit that k not really 
^0 people, and each 



29 cents X 80 = 2320 cents 



.)f course, what you really want to know is the num: 
mce our money system is a decimal system (like the 
hange from cents to dollars is move the decimal point. 

Since there are 100 cents in a dollar, the dolk.r 
have fewer dollars than we have cents. This tells us th.:i 
100 by moving the decimal point to the left. 



. As we have seen, 
we have to do to 



!; Lnger unit, and we will 
\\\. t divide. We divide by 



2320 cents 100 = 2320 = S 23.2 



Converting metric 
dollars to cents. 



^asnrements is just as easy ai. 



:ents 



doll 



ars or 



Below is a table you can refer to if you forget : 
Although all the units from kilometer to millimeter arc s 
units are marked with a *. 



each unit itands for. 
iTiost commonly used 



Value of Metric Linear Units 



Linear Unit Symbol . ■ ii Meters 



★ 1 kilometer km = IO- h,' men-rs 
1 hectometer hm = IOC meters 
1 dekameter dam = 10 meters 

★ 1 meter m = isic Linear Unit 
1 decimeter dm = .1 meter 

* i centimeter cm = .01 meter 

* 1 millimeter mm = .001 meter 



Here is a problem for the class to work out together. 



A room measures 20 4 meters long 
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i ic ..my c-kameters long is it? 

^^i C;n- deki-inetar equals 10 meters. 
(2 A cekam^te^ is therefore the larger- ::^easur-^ 
(3 7 nercforc there \v-ill be fewer dekameters tnan nr:eters. 
(4 '>"e thtziL- JTC divide: , 
2G.-~ ^ 1 ) 

Mr-- the decimal point on^ place to the left. 
-^ 10 = 20,4 = 2.04 dekameters 

(b. He rr.an .^ntimetcrs long is the room? 



1 )nc cc:: :metcr equals 1/100 \. 01) of a meter* 

2 One mei^rr is therefore equal to 100 centimeters. 

3 The centimeter is the smaller measure. 

^4 Thus there will be more centimeters than- meters. * 
We thercrorc multiply: 

20.4 X 100 • . 

Mov- the decimal point two places to the ng/if. 
20.4 X 100 = 20^4^, (We have to add a zero to get two places.) 
= 2040 centimeters 

(c.) How man kilometers long is the room? 

(1) One kilometer equals 1000 meters. 
(2' A kilometer is therefore the larger measure. 
(3 Therefor: there will he fewer kilometers than meters. 
/ Wc tl' crcrorc divide: 
20.4 ^ 1000 

Move the decimal point three places to the left. 
:0.4 ^ 1000 - ,^4 (We havci ro add a zerd to ge:r three places.) 
^ = .0204 kilometL ' 

Look at tlvj same room again; wc can now nake a chart shov.nng its length in seven 
-iffercn: urits of metric linear measure. 



The room is .0204 kilometers 

or .204 hectometers 

or 2.04 dekameters 

or 20.4 meters 

or 204 decimeters 

or 2,040 centimeters 

or 20,400 millimeters. 
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PROBLEN 

1. iVIeasur. . l ur classrooir. in mercrs (: j cv .. . ->j.>..:es). Con t n. .ircme 
by mil ' .ib/ing or civid'. li, as : jIIoVt 

A. L^: :rh meters' . im ' ' :; or Jcnti: ..ers 

B. W meters: . - .:\.;or zcnv-rcn^rs 

C. H .r-i: meters: ^ )n or_ :enri*-vj' ers 

2. G 1^ . :o pa^c 16 a- -i invert each ineas. cir t i:i prcL-;em 3 as :ud;c_ . „: 

A. cm => mm E- 1 cm => m 

B. cm => mm E. ^ cm m 

C. cm => mm F. cm => m 

D. cm => mm ^-(1) ^ 

G.(2) cm => m 

3. Convo' ,;ach measurement m problem • on p. 1 "~ from millimeters 
cenrih rs. 

A- mm => :m 

B. (1) mm => :m 

C. mm => :m 

D. tnm cm 

E. m.m => cm 

4. Con cert each measuremenT: in problem 4 p.^ge 1" : :>m cencim.. jrs to meters. 

A. cm => m 

B. cm'=> m 

C. cm 

5. Convert each meaM.:reincnc in problem 3 n r ige -9 from mt -..^ cl ■ : '^^'^:ers. 
. A. m => cm 

B. m => cm 

C. m _ _ cm 

D. ni cm 

E. m => cm 
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6. Con JF" :\ic fo! ' "ng meaH'..:^- jr. indict: 
A. .1 meter " . centimeters 



B. 57 cen:.::::- ::ts to meters 

C. 40' deciiTii :rs to meters wi 

D. ..is ^,5 met.rs to kiiometers 

E. 338 ^ n time tors " moLcr- in 

F. 493r millimetcjrs to meters m ^ 

V 

G. 2.49 5 kilometers to meters m 

H. .16 ncters to ccntimcurs cm 

I. .072 meters to m.illimeters mrr- 

J. 143 decimeters to meters ____ _ ^ 
C nverr tlie foHowing measure:"ients. 

A 2.2 meters :o centimeters . 

149 millim-:t:ers to centime ts _ m 

. .7 2 netcrs to millimeters ^^^^ 

■3. ,04 meters to millimeters mn 

:. 42 meters to ki..> meters 

16 centimeters to meters n 

G. 35 meters to decimeters ii 
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ERIC 



hL 10 A meten to kilc nerer 



I. 9 ::*r timete: ; to me crs 



2 Tieters to millime* jrs 






8.6 mm - 


.86 cm 


16. 


7 ni = ' 


crn 


2. 


9 in = 


mm 


17. 


.9 cm = 


mm 


3. 


.43 km = 


m 


18. 


.00012 km = 


mm 




6." cm - 


m 


19. 


73 mm ^ 




5. 


84 3 mm = 


m 


20. 


.0136 km 


n" 


6. 


.9 23 .-m 


mm 


21. 


5.3 m = 


cm 


7. 


498 m 


km 


22. 


53 mm 


m 


S. 


28. 3 m:::i - 


cm 


23. 


.0<i7 m ^ 


err. 


9. 


43(,k;- c-1 - 


km 


24. 


.80 m 


rr :\ 


10. 


923 m - 


km 


25. 


.1 cm = 


mm 


11 


.843 ir = 


^ _ mm 


26. 


75 m = 


km 


12. 


86000 mm - 


km 


27. 


1200 cm ^ 


km 


13. 


.0.067 . ni ^ 


_ _ cm 


28. 


136000 mm ^ 


km 


14. 


4.98 cm ^ 


mm 


29. 


.1 m = 


c:i 


15. 


28.3 cm ^ 


m 


30. 


1 mm = 


cri 
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9. BRAIN TI:^ASER 



Connect the answer to problem (a) to th:. answer to problem (b) for each of the 20 
double problems below. Use the margins :or figuring. Watch out for changes in units! 



.013 



HERB 

^1? 



5 10 



59 




J3 



• o 

68 



H?0 ^ 




.059 



• 



t 

8 



• 

A/ 



• 

9 



1. 8 m 4- 5 m = _ 

2. 8m+5m== _ 

3. 8 cm -f 5 cm = _ 

4. 8 cm -f- 5 cm = 

5. 436 m -f 764 m = _ 

6. 8 cm -4- 2 mm = 

7. 6 cm -f 7 mm = 

8. 6 cm + 7 mm = ^ 

9. 4 m +3 cm = _ 

10. 4 m + 3 cm = 

11. 5 cm H- 20 mm = 

12. 4 cm H- 3 mm = 

13. 9 mm H- 4 mm = ^ 

14. 10 m H- 200 cm = 

15. 365 cm H- 225 cm = _ 

16. ^ 5 cm H- 9 mm = _ 

17. 356 mm + 324 mm ~_ 

18. 49 cm + 18 cm = 

19. 38 m H- 21 m = 

20. 8 mm i 13 mm = 





£^ 


9 m — 3 *m ^ 


krr 


&: 


17 cm - 12 cm 


m 


& 


43 km - 33 km = 


mr 


& 


7 mm - 4 mm == 


km 


& 


32 cm - 9 cm = 


mm 


&c 


9 cm - 28 mm - 


mm 




9 cm - 28 in 1 11 = 


CI": 




1 km - 530 m = 


i: 




1 km - 530 m - 


cm 




9.8 m - 0.8 m = 


cm 




9m- 380 cm = 


mm 




0.7 m - 69 cm = 


cm 


ik 


27 cm - 19 cm = 


rn 




52 cm - 3 cm = 


m 


& 


8 cm - 3 cm - 


mr 


&. 


14 cm - 28 mm = 


cn 


^ 


7 cm - 28 mm = 


mil 


& 


1 1 mm -- 8 mm - 


ki 


& 


3.9 mm - 2.8 mm 


CIV 




18 m- 1.3 m =^ 



m 

cm 

km 

mm 

cm 

mm 

cm 

m 

km 

m 

m 

cm 

cm 

m 

mnn 
mnn 
cm 
cm 
mnr 
m 
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10. MIX AND MATCH PUZZLE i 
(Linear Measure) 



On the next page you will see the siiect vou are ^-^m^ ro work on. 

Cut the squares on this page apart. You are going to arrange these squares on the next 
page so that every measurement has the same value as the measurement adjacent (right 
next) to it. See the example below. When you are sure your solution to the puzzle is 
correct, paste or tape vour squares down. 



57 km 
.01 ni 4 m 

.23 km 


23 mm 
4 mm 400 ni 

5.7 km 


.057 km 
1000 cm 40 mm 

230 dm 


570 mrn 
1 0 cm .4 mm 

230 mm 


5.7 m 

.01 m .4 cm 
57 mm 


.023 hm 
400 cm .1 cm 

5.7 mm 


230 cm 
1 m 400 mm 

23 cm 


23 m 

4 cm 10 dm 
57 cm 


230 m 

400 km 4000 m; 

57 dm 


5700 m 
.04 ni 10 dm 

.057 cm 


2.3 dm 

1 mm 4 mm 

57 m 


23 cm 
.4 m .04 mm 

570 km 


5.7 cm 
.1 mm 40 ?nm 

236 km 


.57 cm 
4 km 10 m 

2.3 cm 


23 m 

.4 km 1 dm 
2300 mm 


.057 mm 
• 4 cm .01 mm 

.023 km 



.4 cm 


4 mm 400 m 


.4 km 




5.7 km 






5700 m 
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SOLUTION to MIX and MATCH PUZZLE I 



57 km 
.01 m 4 m 
.23 km 


1 
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UNIT III - MEASURING . 7H~ 



Lesson 5 



CalculacinjZ '^;rir:-e:ers 



ERIC 



Objective: You should be able to mt^ure and c:;ilculat(: :he perimeter 
rectangles, and trianc'.es. 

The perimeter is the distance around the ou::side c : an object. Ir 
length or linear measurement. For example, v/e measure :he p enmeter for: 



lu :ires. 



IS i-. ••v.'^vs ;i; 



:ame. 



The length of fence to go around a [ie.a. a gi-r.:.en, or a horr e . 
The length of molding tc go around a room a table, or a pict":.-" 
The distance around a*eas for edging.., :hs, rvacb, etc. 



Perimeters are usually easv to measure. You cai. mea.. . re all the v i 
object. Howcvci, if the object is z square, it is usually .asior :o measure me ,nc 
multiply by 4 to get the perimeter. 



-3 cm- 



3 cm 



For exaniplv. , the peri- 
squ .re is 12 cjnt-met^rs. 



of thi. 



3 cm 



3 cm- 



No\\\ let's look at the perimeter of a rect:,. .[j;ie. U la: is the ncr: 
rectangle? — « 8 cm ^ 



)f thi^ 



3.5 cm 



t 



t 



8 cm- 



Not all objects are a perfect square or a perfect ri ngle. What is t 
of this object? 7 COl " ^ 



4 cm 



nmeter 




' what is the perimeter of this triangle? Use a fhctric ruler to measure the lengths 
of the sides. ' ' 



Now, lct*s find the perimeters of^some objects in the classroom. 

What is- th^ .perimeter of the top of your desk (or your teacher's .de.sk)? Should 
your measurements be in millimeters, centimeters, or meters? Why? 



What is ttw? length of the molding around the chalkboard in your clas^roprn?. 

j • / \ ' 

What is the length of the baseboard in your classroom? 



PROBLEMS 

3. A carpenter was to install a dado molding aroun.d a^.. 
room that measured 5.4 meters by 7.2 meters. How 
much molding did he need? 

2. A machinist had to drill small holes all around A metal 
plate that was 31 cm long and 15 cm wide, if the holes' 
were to be drilled 1 cm apart (center to center), how 
many holes would be required? 

3. A farmer's field, rectangular in shape, measured 210 
meters by 375 meters. How much fencing would he 
need to enclose the entire field? (Give your answer in 
two different metric units.) 
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A housewife wanted to decorate a tablecloth with a 
fringe edging. If the tablecloth was 1.3 meters square, 
how much fringe would she have to buy? 

A tarpaulin had to be reinforced along all four edges, if 
its dimensions were 3.6 meters by 4.5 meters, how 
much reinforcing material was needed? 

How much picture-frame molding is needed for a 
picture 78 cm by 51 cm? (Give your answer in two 
different metric units.) 

A mason was going to put a brick edge around a 
terrace that measured 6.5 meters l?y 8.9 meters. What 
distance would he have to figure on? 

If each brick (standing on end) and its mortar came to 
8 cm, how many bricks would be required for this job? 

An upholsterer was to decorate the edge of an 
upholstered piano bench with ornamental nailheads 
placed 2 ^cni apart (center to center). If the bench 
measured 38 cm by 75 cm, how many such nails would 
he have to buy? 

A swimming pool measured 6.8 meters by 23 meters. 
How long would the perimeter be? 

How many brick, laid end to end, would be needed to 
edge the pool if each brick and its mortar came to 22 
cm? 

How much, veneer edging is needed for a table 82 cm 
by 2.24 meters? 

How much would be needed for 20 such tables? 
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UNIT in - MEASURING LENGTHS 



Lesson 6 



Calculating Circtimferences 



Objective: You should be able to compute the circumference of a circle when given 
either the diameter or the radius. 

The distance across a circle through its center is called the dia7neter of the circle. 



The perimeter of a circle has a special name. It is called the circumference. 
Measure any circle — a tii-e, a grinding wheel, a dish, a circular path — and you will find 
that |/ie circumference is always a little over 3 times the diameter of the circle. 




A more exact figure for this relationship 
is 3.1416 times the diameter. Depending on how 
accurate we need to be in finding a circum- 
ference, we may use the figure of 3.14 or 3.1416. 

Scientists sometimes use even a more accurate 
figure. This number, 3,1416, has been given a 
name, the Greek letter tt or pi. We write the 
above relationship in a sort of shorthand, called a 
formula. It is 



C = ttD 



This stands for : Circumference equals tt times the 
diameter. 



With other members of your class, measure the diameters and circumferences of 
at least five circles, as accurately as you can. Some suggestions of things to measure are 
pulleys, grinding wheels, clock faces, circular tables, and any other circular objects in 
your shop or lab. Divide each circumference by the diameter. The more accurate your 
measurements, the closer you wUl come to pi, or 3.1416. See how accurate you can be. 



The radius of a circle is the distance from the center to the curve of the circle. 
Since the radius is equal to one-half the diameter, the circumference is also 2 times the 
radius times tt. 

We write this as a formula also. 
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C = 27rr 



Do you see why this formula 
follows from the other one? 
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When doing the problems below, round off your answers to the same number of 
decimal' places as there are in the given measurement. Then, if appropriate, convert the 
answer to the next larger decimal unit. 

' PROBLEMS 

1. Find the circumference of the circles below when given the diameter, D. (Use tt = 
3.14.) For your answer, use the most appropriate decimal unit. 



A. D = 24 mm " ■ C = 

B. D = 36 mm C= ■ 

C. D = 4.1 cm C= . 

D. D = 2.04 cm * • C = 

E. D = 165 cm C= 

I 

2, Find the ciicumference of a circle when given the radius, r. (Use tt = 3.14.) For your 
answer, use the most appropriate decimal unit. 

A. r = 36 mm * C = ^. 

B. r = 38.1 mm C= - 

C. - r = 20 mm C = 

D. r = 12.3 cm C= 



E. r = 7.05 cm 
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CIRCLE A 




In the pulley illustrated to the left: 
The radius of circle A is 52 mm, and 
the distance W is 8 mm. Find the 
radius of circle B. Then find the cir- 
cumference of circle B. (Use tt = 
3,1416,) 

r of B = 



C of B = 



4. If the diameter of circle B in problem 3 is 4,2 cm and W = Smm, find the diameter 
and circumference of circle A, (Use tt = 3,14,) 

dofA = 



C of A 



A landscape gardener had to lay out a circular bed that was to be 9 meters across. It 
was to be edged with tiles. What was the distance that had to be edged? If each tile 
took 10 centimeters, how many tiles would be needed? (Use the less exact value of 

pi-) . 

Distance 




No, of tiles 



A dress designer designed a skating outfit having a 
perfectly circular skirt with a radius of 50 cm. About how 
much edging would such a skirt require? 



A mason had to estimate the number of bricks for a 
semicircular wall 15 m across. What was the length of 
the wall? (Hint; Find the length of a full circle first. A 
semicircle is half a full circle.) (Which value of tt would 
be appropriate here?) 




8, How many bricks were needed for a single course if 
each brick and its mortar took 21 cm? 
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A plumber had a coil of copper tubing and needed to know 
how long it was. The distance across the coil was 72 cm, 
and there were four complete circles of tubing. About how 
many meters of tubing did he have? 



A machinist had to lay out 6 holes equally spaced on a 
bolt circle 12.6 cm in radius. What was the 
circumference of the bolt circle? (Which value for tt 
should you use?) How far apart, center-to-center, were 
the holes? 




On the above reamer, measure the lengths of A, B, and C, What is the diameter of 
D? (Use the most appropriate unit.) 



B. 



D. 



For the same reamer, compute the circumference of D, 
using the most exact figure you know for tt. 



r — v 




what is the total length of this bolt in millimeters? 
In centimeters? 

What is the diameter (D) of the threads on the bolt in millimeters? 
In centimeters? 

What is the circumference of the unthreaded portion of tlie bolt? 
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For Class Discussion 

1. In what trades would you be likely to use 3.1416 for tt? 

2. In what trades would you be likely to use 3.14 for tt? 

3. Would you ever be likely to use just plus a little more''? 

4. Give examples of diameter measurements that are extremely accurate; that are 
moderately accurate; that are rough approximations, 

5. What happens to each of these when multiplied by 3.14 or 3.1416? Are the .answers 
really as accurate as they seem to be? 

6. If a diameter is 22.1 centimeters, multiplying by 3.14 gives '^9,39- cm. According; to 
our rule (p. 37), how hould the answ=ir to g*.ven? What is the reason for this rule? 

7. Discuss rounding off decimals. Have ti cla;: develop a rule that pplies in all cases. 
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LTNIT IV - AREA MEASUREMENTS 



Lesson 1 ^ Defining Square Measure 

Objectives: You should be able to define square measure and to list several uses of 
square measure; 

We have all measured the length (linen: measLre) . : things* like boarcs, wa s. 
v'-^'^ • etc. Sometimes we need :o knoVv the area or square measure of fields, w^s, 
floors, etc. Farmers, constructic workers, rug instaLers and manv other people asc 
square measure in their work. Tl - area, or square meai ure of your lawn is needed w jh 
aT^plying fertilizer or other lawn chemicals, if you are iii^air.tin^ your bedroom, you U 
U3e the square measure of the waL area to decide how m jc: p^int to buy. 

The units for square measure are also squarcp square centimeters, scjare 
nr^ters, etc* 

Look at the rug belov/. It is 3 meters wide by 4 meters long. 



/ 12 3 4 




How many square meters )t area does tlic rug cover? Each of the squares equals 1 square 
meter. Count up the squares yourself. A 3-metcr by 4-mcter rug covers 12 square meters 
of area. 



We can also find the square measure, or area, by multiplying the length by the 
width. The rui> is: . 

3 meters wide by 4 meters long 



3 m X 4 m = 12 m^ 

Now, what is the number of square centimeters on this page? (It might be easier 
to measure the cover of the book.) Did you measure in centimeters or miliimeters? Why? 

For Class Discussion 

List five occupations that use square measure. List one use of square measure for 
each of the five occupations. 
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PR JBLEiMS 

1. V hat is the area of this rectaiigle? Measure carefully with yoi ruler. Would you 

give the ;:rea in square millimeters, square centimeters, or square meter: Why? 

" — — ^ — -t;: 1 



2. Compute the area of the door to your classroom. What 
unit did you use? Why that one? 

3. What is the area of the top of your desk or shop 
table? What unit did you use? Why? 
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UNIT IV ^ AREA MEASUREMENT 



Lesson 2 



Areas of Rectangles 



Objective: You should be able to solve simple square-measure problems. 

When finding any carea, all Hnear measurements must be expressed in the same 
unit of measurewent. For example, the length of the hallway below is 10 meters. If the 
width is given as 150 centimeters (or as 1 meter and 50 centimeters), the units of linear 
measure are not the same. 



•10 m 



/ 


/ 


/ 


/ 


/ 


/ 


/ 


1 


1 


1 


.5 


.5 


.5 


.5 


.J 


.5 


.3 


.5 


.5 


.5 



150 cm 



Before we can find the area of ' the hallway, the meters must be changed to 
Centimeters or the centimeters to meters. 

First v/e-will convert the centimeters to meters (1 meter = 100 centimeters). 
Metcrc i>/Mn. larger rb «u Lciaimctcrs, we divide the number of centimeters by 100. 

1^. centimeters =1.5 meters 

Now we can go ahead" and muhiply the length by the vVidth to get the area. 

10 meters X 1.5 meters =15 square meters 

As a check, count the square meters in the illustration. You will find 10 squares 
of 1 square meter each and 10 squares of .5 square meter each, for a total of 15 square 
meters. • > 

We could have converted the meters to centimeters. 



10..00^ meters = 1000 centimeters 



Then, 



1000 cm X 150 cm = 150,000 square centimeters 



But this is making an easy problem hard. And for the answer to mean anything 
in terms of floor tiles to be bought, or capeting, or wooden flooring, you would have to 
convert the answer into square meters anyway. 
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ERIC 



Since 1 cm = .01 m 



Then 1 cm^ = (.01)* in^ = .0001 m^ / ten-thousandth } 

or 

10,000 cm^ = Im^ 

Since we have to convert from a smaller to a lar^^cr measure, we must divide the answer 
by 10,000. 

150,00 ^ 10,000 = 15^0.5^. =15m- 

Always choose the unit chat is easiest tor you to worie with. Then make sure 
that you correctly express both measurements in M« r unit. It may still be necessary in 
some cases to convert the answer to a diffcrc? u: • 

Does it seem impossible to you that there could be 10,000 square centimeters in 
a square rneter? Perhaps the diagram beJow will make .it more believable. 

The large square represents one sjuare meter. Each edge has been divided into 10 
decimeters. You can see that there are 100 square decimeters in the square meter. Now 
look at the square decimeter that is marked off in square centimeters. There are 100 
square centimeters in the one square decimeter, and 100 square decimeters in the one 
square meter. So there are 100 X 100, or 10,000 squ to centimeters in the square meter. 




I m 
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Below is a table of equivaltmts for square measure. Notice the abbreviations as 
well as the names. 



Most Common Metric Area Units 
Unit Symbol Equal to 

square kilometer km^ 1,000,000 

hectare ha 10,000 m^ 

square meter ni^ Basic square unit 

square cendmeter cm^ .0001 m^ (1/10000 m^) 



PROBLEMS 

1. Find the area, or square measure, of the floor in your 
classroom. How many square meters of tile are needed 
to cover the floor? Why would we use square meters 
instead of square millimeters to measure the floor? 
Would we use square centimeters? Why or why not? 



2. Measure and calculate the area of one wall of your 
classroom or shop. Would you use square meters or 
square centimeters? Why? 



3. J4ea3ure and calculate the area of a pane of glass in 
your classroom or shop. Would you lise square 
centimeters or square millimeters? Why? 



4. Measure and calculate the area of a section of lawn or 
playground outside your classroom. Would you use 
square millimeters, square centimeters, or square 
meters? Why? 



5. Find the area of a flat-bed truck-body floor that is 6.1 
meters by 1.9 meters. 
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IImw tti'tiiy 'uiit'tif tuf'M'Mi mT liin^lcntin are needed to 
cover a room 4.2 meters by 5 meters? 



How many square nieters of floor space will be taken 
up by a cutting table 120 centimeters wide by 7 meters 
long? (Caution: Remember that the units must be the 
same in order to find area.) 



Flagstone for outdoor patios is sold by the square 
meter. How many square meters must a contractor 
order for a patio 8.6 meters long and 2.1 meters wide? 



A kitchen-cabinet maker measured a counter and found 
it to be 3 meters long by 52 centimeters wide. He 
charged for plastic covering by the square meter. How 
many square meters were there? 



A walkway was to be paved with bricks. It was 12 
meters long by 1 meter 10 centimeters wide. What was 
the area to be paved? 
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UNIT IV - AREA MEASUREMENT 



Lesson 3 --l eas of Traingles 

Objective: You should be able to calculate the areas of triangl-js. 



Triangles come in many shapes. Here are a few: 




How can we get the number of square units in such odd shapes? 



Actually, finding the area of a triangle is not a bit difficult — we don*t have to 
rule it off into squares and count up the bits and pieces. We have a formula for finding 
it. 

;: 

;; A = 1/2 bh ;: 



what is b :<nd what is h? The b stands for base and the h for height. The base 
can be any side of the triangle - usually the side on which the triangle seems to ''stand/' 
Then h is the shortest line from the opposite angle drawn to that base. The shortest line 
makes a right angle (square comer) with that base. 

Look at the following triangles and you wUl understand better what b and h 




b 



You know that the area of the above rectangle is the length times the width ~ in 

5 i 
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this case b X h. We have divided the rectangle" into two equal triangles with- a dotted line. 
Therefore the area of one triangle is equal to o,ne-lialf the area of the rectangle, or 

■ ^ A = 1/2 bh 

Now measure h and b on the above triangle and find the area. 



Did you get the area equal to 5 cm'^ ? If you did, you were correct. 




b 



Draw in a dotted line for h. Measure it. Use the formula. 

Did you get the area equal to 7.5 cm"^? 
PROBLEMS 

1. A dress has two triangular pockecs chat measure 12 cm across and 8 cm in Iieight. 
What is the area of one pocket? What is the area of two pockets? 



You arc putting aluminum siding on a house. Wliat is the area of the triangular area 
shown, in square meters? What is the area of tlie entire side of the house? 




3. Find the area of the foUowing triangles 
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The owner of a large business wanted co make a lawn out of a triangular section in 
front of his store. The landscaper measured the area to find out how much grass seed 
was needed. How many square meters will be seaded? 




A man built an A-frame vacation home. How much board-and-batten lumber (in m^) 
'was needed for this end? (Disregard door.) 



J 



[ 



V 



\ 7m 



h-4.5m-H 
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UNIT IV - AREA MEASUREMENT 



Lesson 4 



Areas of Trapezoids 



Objective: You should be able to calculate the area, or square measure, of a 
trapezoid. 

A trapezoid is the name of a 4>sided figure that has two sides paralier to each 
other and two sides that are not parallel to each other. The two parallel sides are called 
the bases of the trapezoid. The shortest distance ^between the bases is called the height. 
As in a triangle, the height makes a right angle (square corner) with the bases. 



The area f a trapezoid equals its height multiplied by one-half the sum of its 
two bases. _ 



6m 

T 



HEIGHT 



4m 



8m- 




A = h X 1/2 (Base #1 + Base #2) 



Now this is not as hard to remember as 
it looks. The two bases are different lengths. 
If you were to get their average length, you 
would add the lengths together and divide 
by 2. In effect, that is what the formula 
does. It multiplies the height by the average 
length of the two bases. 



Let us find the area of the trapezoid above. 
Area 



h X^i-l^ 



Area 



4 X 



4X7 



28 



PROBLEMS 

I. Find the area of trapezoid below in 

-40 m- 




80m 



2. Find the area of the above trapezoid if height is changed to 25 , centimeters and 
the bases remain the sarne. • ,^ ^ 
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Calculate the area of the trapezoid in the end of this barn, using the measurements 
shown. 




If the above barn measures 8 m in height to the roof overhang, and 14 m in overall 
height, to the peak of the roof, calculate the area of one end. (Hint: What three 
parts is the end made up of?) 




How many square meters in this farmer's 
field? 



220m 



How many iieccares in die field? 



See if you can solve the above problem by dividing the field into a triangle and a 
rectangle and adding the two areas. You should get the same answer as for problem 5 
above. 
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Lesson 5 



UNIT IV ^ AREA MEASUREMENT 



Areas of Circles 



Objective: You should be able to calculate the area of circles. 

binding the area ot a cIxcIq is ver)' useful, in many trades. The machinist or 
mechanic may need the area of a piston. The landscape gardener may need to find the 
area of a circular bed in order to figure out how many plants will be needed. The mason 
may need to construct a circular concrete surface, and must be able to compute the area 
to figure the amount of concrete needed, A heating contractor may need to find the 
cross-section area of a circular duct. And so on. 



The area or a circle can be found by a formula. The area is equal to pi {tc) times 
the radius squared (r^), or 



A = 7rr^ 



The radius, you remember, is the .distance to the center, and the value of it is, as 
always, 3.14, or 3.1416 if more accuracy is needed. 



Example: ^ ^ 

The circular end of a tractor gas tank measures 40 centimeters across. What is 
the area of the end of the gas tank? ' 



A = 7rr^ 

If the diameter of the gas tank equals 40 centimeters, then the radius equals 1/2 
the diameter: 1/2 X 40 = 20. 

So, 

A = 3.14 (20)^ 

A = 3.14 X 400 

A = 1,256 cm^ 



Remember two things in finding areas of circles: 

1. You cannot use the diameter. You must get the radius for this formula. 

2. If two units are not the same, one measurement must be converted to the 
other unit first. You should choose the unit that will give you a sensible, 
answer. 
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PROBLEMS 

1. A mason was told to lay out a circular base for a water 
fountain. The distance fron-i the center to the edge was 
to be 1.5 meters. What was the area of the circular 
base? 



1. A circular walk around ~a display in a park was laid out using an 8-meter radius for 
the outer edge and a 5-meter radius tor the inner edge. Calculate the area of the 
inner circle. Calculate the area of the outer circle. Now subtract the area of the inner 
circle from the area of the outer circle. The difference is the area of the sidewalk. 



Inner area 

Outer area 

Area of walk . \ 

3, What is the area of the largest circle that can be cut from a piece of fabric 90 
centimeters square? What is the area of the fabric that is not in the circle? (Hint: 
Draw a sketch). 



4. What is the area of a wheel with a 34-i:entimccer diameter? 



5. What is the area of a circular tablecloth needed to cover the table 
shown here if the cloth is to hang down 70 centimeters? 



6. The diameter of a tank is 3 meters. How many square meters ok metal are needed for 
a tank cover that is 4 cm wider than the tank all the way around? (Hint: Express the 
new diameter in terms of meters, using a decimal. Then find the radius.) 




\^ 





j-< — 120 cm--^ 
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7. 



A landscape gardener laid out a circular bed for begonias 
that was 3.2 meters across. Wliat was the area of the bed? 



-3.2 m — 



If the gardener figured on 16 plants for each square meter, 
hov/ many plants would he need? 



8- What is the an_& 
figure for tt.) 



t i pis:or-. whose diameter is 9.04 centimeters? (Use the more exact 



9. For calculating tht- number and sizes of outlets needed in the V ar I o u J I'o o m s o t a 
house, a heating contractor needed to know the areas of circular ducts. Find the area 
of (a) a 14-centimeter (diameter) duct; (b) a 20-centimeter duct. 

(a) . . 

(b) 



10. This clown doll requires 98 circles 14 cm 
in diameter. What is the total area of the 
circles? If 2 meters of 90 cm wide material 
is needed, how many square centimeters of 
material are wasted? 

Total area 

Waste 




UNIT IV - AREA MEASUREMENT 



Lesson 6 



More Applied Problems in Area 



Objuctive: You should be able to selecc appropriate measuremenc units and calculate 
area for applied problenns. 

1. Write in the most appropriate unit for computing areas of the following objects. 
Write the symbol of the linear unit and the symbol of the square unit. 



Unit 



a. Textbook 

b. Desk top 
House exterior — for painting 
Floor 
House lot 

t. Farm 

g. Township 

h. Copper wire (cross section) 



Symbol 
Linear Square 



2. How many square meters of artificial turf are needed for a field 90 m X 50 m? 



3. A house lot is 42.6 m X 51.5 m. What is the area of the house lot in hectares? 



4. You are painting a triangular area that is 5 meters by 8 meters. What is the area in 
square meters? If one liter of paint will cover about 10 square meters, hoy/ many 
liters of paint are needed for one coat? for two coats? 




5. Calculate the area of the circle below. 
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6. Calculate the approximate area ot this concrete support for a park bench. 



-«J 40 ow 




7. Think carefully. See if you can calculate the area within the race-track shown below. 





L 20 m *J 




1 
I 











8; A farmer knows the three measurements shown below on a sketch ot one of his 
fields. Find the area in hectares of this field. (Hint: Can you find the bases and 
heights of two triangles?) 
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UNIT V - VOLUME 



Lesson 1 



Volume of Rectanpjular Solids 



Objective: You should be able to calculate the volume of rectangular solid objects. 

Volume is the amount of space occupied by an object. All objects have !cns?th, 
width, and height; these are called its iiiuieiisio)is. 




HEIGHT (H) 

JL 



r /WIDTH 
^ (W) 



LENGTH 

(L) 

The cubic meter (m^) is used to measure the .volume of bins, boxes, and other 
large containers, and also of solids like sand, gravel, and cement. A cubic meter is 1 
meter long by 1 meter wide by 1 meter high. 

U you arc pouring concrete for a wall that is 4 meters long by .25 meters wide 
by 2 meters high, how manv cubic meters of concrete will you have to order? 



To solve this problem, we multiply all tliree dimensions. 



I Volume =^ L X W X H 

V =^ 4 meters X .25 meters X 2 meters = 2 cubic meters [m^ ) 



How many cubic meters of concrete arc in the following walls? 
^ Cubic 





Length 


Width 


Hei^h 




20 m 


,4 m 


3 m 


(b.) 


40 m 


.8 m 


6 m 


(c.) 


35 ni 


" 20 cm 


2 m 



In order to determine the proper size of air conditioner or heater needed to cool 
or heat a room, you have to first determine the volume of space in that room. Here are 
some problems for you tc try. 
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Length 



Width 



Height 



Volume 



(do 


4 


rr. 


3 ni 


2 


5 m 


(e.) 


3 


5 m 


3.1 m 


2 


2 ni 


(r.) 


5 


ni 


3.5 rn 


3 


rn 



It is possible to measure the volume of solids in cubic kilorticrers, cubic 
hectometers, cubic decameters, cubic decimeters, cubic centimeters, and cubic 
millimeters. But the most common metric measure of the volume of large solids is tiie 
cubic ffieter, vvliile small solids are usually measured in cubic cefitiiucters (cnr^). 

You know that 1 meter equals 100 centi- 
meters, if you can picture a cubic meter, 
you can see that its length would be 100 
centimeters, its v/idth would be 100 centi- 
meters, and its height would be 100 centi- 
meters. How many cubic centimeters 
would there be in that cubic meter? 

V = L X W X H 

V = 100 X 100 X 100 
= 1,000,000 cubic centimeters 

You can see that a cubic meter is very larj^e. 




In finding the volume ot anything. 



you 



must be sure that all dimensions are e: 



pressed in the sat)ic unit before vou multiply, or your answer will be all wroiig. 
PROBLEMS 



1. A dump truck body is 4 meters long, 2.7 meters 
much sand will it hold? 



ie, and 1.6 meters riii^li. How 



A heating contractor had to decide the proper .size furnace for a ranch-style house 
1012 meters lorig by 7.6 meters wide by 3 meters in height (to the ceiling). What was 
the volume of the living space in that house? 



A box of detergent is 16 centimeters by 5 centimeters by 20 centimeters. How many 
cubic centimeters of detcn^f^u will it hold? 
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Fip.d zhc vo'uir.c o: a 5hcJK')%v box 1 nieccr lon^ hv .7 meter wide b\ 22 ccnrinu'tci< 



V/hac is the cubic coir.cnz of a storai^c bin for coA chat is 3.6 meccrs square and 1.8 
incccrb ii ii:! - - 



A concrete walk was to be made j.2 niercrs wide. 12 meters lon^r, and 20 
centinicter.s deep. How many cubic meters of concrece would be n^:eded for it? 



fnis :s a sketch of a hot bed tor growing vegetabie and tlowcr secdlinizs. The 

ends are trapezoids with bases of .3 and .6 meters and a height of 1.25 meters. 

T<.) <;et the volume, first Hnd the area of an end and multiplv this b\' the length of 
the trame. Find the vohjm.e. 





/I 










-3m 


^1.25 



.6m 
± 



iiM back tt) prr-bleiTT 6 on pai;t' 36- It the Cf.>!icrete sui")port is 12 eenrtmetcrs thick. 
h'>vv manv eiibic cemnneiL-rs .ire tiiere in riie support" See it v-.)u can exprcbs this 
..n^^uuu rhe d.ccuiM! parr of a cubic fleeter. 

cm 



A tarin.-r needed a p\i i>> sln\\- i^'fiatoes. He \sMiUed it to be abk- to h<jld about 4 
(.able meters. Ii tii; pit wjs to be 1 meter deep wud 1 .H meters wide, hovs' K.^il; 
wi>uk! It have to he"-' SuuiiL-stii )n : dr.iw a sketch. 



•A shii^pinu cartMP was needed th.it to hukl about .5 cubic meter, [fit w.rs to be 

} .2 ineU TN hr.^ . ! ;:;etv.r widic. hiLih uuuld ii h.ive i<j be' 



66 



UNIT V - VOLUME 



Lesson 2 



Volume of Liquids 



Objective: You should be able to scare the basic unit of liquid volume 
and how it compares with other metric units and with 
English units. 

Right now wc bu\- nii!k by the quart and gasoline by tlic gallon. 
Cooks measure with cups, tablespoons, and teaspoons. Sut nurses measure 
'^vith milliliters. How will the nictric system change this? 

With the metric system, we will buy both our milk and our gasoline 
bv the liter. And cooks will use milliliters just as the nurses do now. 

Let's take another look at the liter, because it is the most common 
metric measure of liquid volume. A liter is just a little larger than a quart. 
{It is actuallv equal to 1.06 quart.; 



1 LiTTR 




^ QUART 




Now let's take a look at ttie liquid measures used in co^jkiniz;. 



1 cup - 237 milliliters (ml) 

i teaspoon ^ 5 milliliters 
1 tablespoon ~ 15 milliliters 



Recipes that now call tor a cup will generally change to 250 milliliters, because 
that is accurate enough for most cooking. The 5 milliliter and 15 milliliter measures will 
replace the teaspoon and the tablespoon. 

Tile medical profession liiis alreaJ)' changed to some metric measurements, for 
example, medicines are measured in milliliters. So. the changeover to metrics will be easy 
tot nurses. 

One thing that makes rnetrics easy to work with in liquid measure is the iaet 
that 1 milliliter (liquid measure) is exactly equal to 1 cubic centimeter (solid measure) » 
and 1 liter (liquid measure) is exactly equal to one cubic decimeter (solid measure). See 
how different this is from our present system. 
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Suppose you know that a waxed carton contains 48 cubic inches. Would vou 
know how many cups or quarts it holds? Certainly not, at least not without a great deal 
of figuring. But if you knew thar a^ carton contained 725 cubic centimeters, vou would 
know instantly that it held 725 milliliters, or .725 of a liter. 

Here is a cable of metric units of volume, so' ui iicuid. 



Solid Measure 



Liquid Measure 



1 cubic meter (m^ } 

1 cubic decimeter (dm*' 

1 cubic centimeter (cm*^ 



= 1 kiloHcer (kl: 

= 1 liter (1) 

- i milliliter (ml) 



= 1000 1 

= BASE UNIT 

= .001 1 fl/1000 
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PROBLE\4S 

1. Which is larger, a liter or a. quart? 

2. 'If gasoline sells for $1.00 ^ gallon or 25c a liter, which is more gas 

for the money? ^V'^ 

3- Is 250 milliliters laxger. or smaller than a cup? 

4. Approximately how many cups of milk are there in a' liter? 

5. How many milliliters are there in a teaspoon? 

6. How many cubic centimeters arc there in a teaspoon? 

( 

7. How many liters are there in a teaspoon? ' 

8. If a certain fire hose can discharge 18,000 cubic centimeters of water 
per second, liow many liters can it discharge per second? 
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9. Connect the answers in or4er and complete the picture. 




STARrriERr 



AfoRr Mbtbrs 




8(oO 



1. 


86 I = 


2. 


860 ml = 


3. 


.9 k! - 


4. 


.43 kl = 


■ 5. 


67 ml = 


6; 


843 ml - 


7. 


9.23 cm^ = 


s. 


498 I = 


9. 


2.83 I - 


10. 


43 1 - 


11. 


923 1 = 


12. 


.843 I = 


13. 


670. ml = 


14. 


4.98 cl = 


15. 


2:3 ml = 



kl 


■ 16. 


136000 ml - 


1 


■ 17. 


700 dm^~ 


I 


^ 18. 


.9 cl - . 


! 


19. 


120 cm3 - 


I 


20. 


7,5 I = 


I 


21 • 


.0136 kl = 


ml 


22. 


53. ml = j 


kl 


23. 


5,3 I = ' 


dm-' 


24. 


.0007 I = 


kl 


25, 


.86 1 = 


ki ' 


■26. 


.1 cl - 


ml 


27. 


.012 m^^ ■ 


cm'' 


28. 


75 I = 


ml 


29. 


10 cm3 = 


I 


'-'30. 


100 mr= 




70 





kl 
I 

ml 
ml 
dm^ 



cl 

ml 

ml 

ml 

kl 

kl 

ml 
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10. MIX AND MATCH PUZZLE II 
^(Volume Measure) 

On the next page you will see the sheet you are going to work on. • / ' 

Cut the squares on this page apart. You are going, to arrange these squares on the next 
page so that every measurement has the sa?ne vahie as the measurement adjacent (right 
next) to it, See the example below. When you are sure your solution to the puzzle is 
correct, paste or tape your squares down. 



570 kl 




23 




.057 kl 

r 




,23 1 




.04 ml lOOl 


40 in 


1 .01 kl 


40/ 

I. 




.4 


4 1 


.01 1 






_^70 dl 








^7 k-1 




57 cl ■ 




23 cl 




2.3 cl 




57 ml 




10 dl 40^ cin'^ 


,r kl 


40 kl 


10 1 




4 kl 


■• 

4(iO ml 


.01 ml 






230 cl 




57.0 1 




5.7 1 




23 ml 




57 1 




.57 1 




■57 dl 





.4 ml 10 cl 


4 ml 


1 ml 


40 m 


3 


4 ml 


4000 1 


400 kl 


■ 570 ml 




2.3 dl 




57-1 




230 ml 




.023 kl 




2300 ml 




570 dm-' 




23 kl 




• 01 ml ^ ■ 4 cm-' 


]>dl . 


400 dm^ 


.1 cl 




4 dm-^ 


4 cm-' 


.1 ml 


- .057 I'nl ' 




23 kl 




.023 ml 




5.7 cl 





.01 -kl 


10 1 • 4 kl 


4000 1 




570 1 /'"" 






f - 

" 570 dmf '■ 
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SOLUTION TO MIX AND MATCH PUZZLE II 



/ 



• 570 kl 
.04 ml 100 1 
23 cm^ 










■ 

.V 























ERIC 



65 

72 



UNIT V ~ VOLUME 



Lesson 3 



Volume of Cylinders 



Objective: You should be able to calculate the volume of cylinders. 

Today cylinders are used everywhere. Grain is stored in cylinders called silos. 
Milk, gasoline, and various chemicals are delivered in large cyclinders ciilled tank trucks. 
Many round columns of concrete are used in the construction industry. There are also 
many other uses of cylinders that you might want to add to the list. Since you may be 
using cylinders, your job- may require that you know how to " find the volume of a 
cylinder. 

To calculate the volume of a cylinder, use this formula: 



V = TTr^h 



4 



where 



V = volume 

TT = 3.1416 or 3,14 

V = radius of round end 

h = height ( distance between the round endsj 

Note that this formula is actually the area of an end times the height (or length) 
of the cylinder. 



Let's try the formula with this cvliiider. 



So, 



D 



1 



20m 



r - V2 diameter, or 3 m in this problem, 
h =' 20 m 

V = 3.14 X 32 X 20 

V = 3.14 X 9 X 20 

V = 565,2 cubic meters 



For Class Discussion 

Up to this point we have found the vokjmc of rectangular solids and cylinders. 
Twice (page 59, problems 7 and 8) wc found the volume of solids where the ends were 
trapezoids. The class should work up a general rule for finding the volume of any of the 
objects shown on the next page. 
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PROBLEMS 

Find the volume of the following cylinders: 
Radius Height Volunne 

1. 2 m.. 10 m 

2. 3.2 m 13 m 



3. 1 m 



8 m 



6. 46 cm L3 m 



Diameter Height Volume 

4. 1.8 m L8 m 

5. 10 cm 21 cm 



7. A gas tank on a tractor-trailer measured 60 centimeters across the ends and was 1.24 
meters long. Find its volume in (a) cubic meters, (b) Uters. 

(a) 

(b) 



8. A milk-truck tank had oval ends which had an area oi 4.4 square meters. The tank 
was 7 meters long. How many liters of milk could the tank hold? 



9. A glass tube measured 4 millimeters across (inside diameter) and was 40 centimeters 
long. How many milliliters could it hold? 



10. A silo on a farrfi was 4.2 meters across and 1 3 meters tall. How much silage could it hold? 
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Lesson 4 



U;NIT V - VOLUME 

' Review Problems in Volume 



Objective: You should be able to calculate volume for selected problems, giving the 
answers in appropriate unils. 

1. How many cubic centimeters arc there in a liter? 

2. Which is larger ~ a liter or a cubic decimeter? 

3. How^many liters are there in a cubic meter? _ 



4. How many cubic centimeters arc in a rectangular container that is 10 cm by 15 cm 
by 20 cm? How many milliliters are in this container? 



6. A tank contains 5,000 liters of water. How many cubic meters of water are in the 
tank? 



6. Calculate the volume in cubic meters of a propane gas tank that is 16 meters long 
with a diameter of 6 meters. What is the volume in liters? 



7. A milk carton measures 7 cm by 7 cm by 10,3 cm. How much milk will it hold 
wl^cn completely full? 



8. Each concrete pillar for a raised road was to have a diameter of 80 centimeters and 
be 8 meters tall. How much concrete was needed for 100 of them? 



9. A cylindrical collector for liquids in a chemical plant was 2.2 mccers across and 2.5 
meters high. How much liquid could it hold? 



10. A cooking pot measured 24 cmacross aiul was 21cm high. How inuch liquid could it 
hold? 
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UNIT VI - MASS or WEIGHT 



Lesson 1 



U nits of Mass or Weight 



Objective: You should be able to solve simple weight problems, giving your answer in 
appropriate units. 

How much do you weigh? 

What is your mass? 

The words *'rna5s" and ^'weight" have slightly different mean^rngs to the scientist, 
but for our purposes we will consider them to be the same thing, j/o if you see a metric 
conversion table labeled **Units of Mass," you will know that it means weight. 

Just as our present basic unit of weight is the^dund, the basic metric unit is the 
kilogram. Sometimes it is called '*kilo" for short. Ufflike the quart and the Uter, however, 
there is a big difference between' the pound/Snd the kilogram. In fact, the kilogram 
weighs over twipe as much as the pound. ^ 




The small metric unit of weight generally used is th. gram. The very large unit is 
the metric ton. Here is a table showing the relationship amonp; th^se three units. 



1 metric ton (t) 
1 kilogram (kg) 
1 eram (g) 



1000 kg , 
= BASIC UNIT 
=: .001 kg (1/1000 kg 



To help you think in metric terms: 

A paper clip weighs about 1 gram. 

A nickel weighs about 5 grams. 

A quart carton of milk weighs about 1 kilogram. 

/\nd a VW Beetle, with two people in ic, weighs about 1 ton. 
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We saw in Unit V that there was a direct relationship between cubic measure and 
liquid measure. In metric measure there is also a direct relationship between liquid 
measure and the weight of water. 



1 liter of water (at 4°C) weighs 1 kilogram. 



In ordihary use we just say tha*: a Hter of water or any liquid that is almost all 
water weighs 1 kilogram. From this it follows that 



1 milliliter (1 cm^) of water weighs 1 gram. 



For Class Discussion 

1. What are the most appropruite metric units for weighing the following: 

a. Loaf of bread 

b. Cup cf flour 

c. Fertilizer fov your lawn 
d Medicine 

c. Truckload of steel 
f- Bag of sugar 

g. Freight-car load of sugar 

h. Automobile 

i. The vitamin content of a food (Hint: The unit equals .001 gram) 
Gold or silver 

2. Based on the fact that 1 kg = 2.2 pounds, see if you can figure out the relationship 
between 1 metric ton and. one English ton. 

^ \ ^ 

3. Workers in the food trades may find nutritional values of food'> expressed terms of 
100-gram portions vjf those foods. If there are about 28 grams in one ounce, figure 
out what part o^ an ounce one gram is equal -to. Thert'figure out how many ounces 
100 grams is equal to. 



1 F;ram = 



ounce 



100 grams = ounces 

F^ROBLEMS 

1. (a) Which is heavier, a kih^grain or a pound? 

(b) if you have 1 0 pounds of flour, will you have 
iTiorc or fewer than K) kilograms?^ 

(c) To* change from pounds to kilograms,, you would 
(div-de, multiply) by 

id) To change from kilograms to pounds, you would 
(divide, multiply) bv 
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2. (a) What is tho metric weight of 3 1 of water? 

(b) What is the metric weight of 3 ml of water? 

(c) What is the metric weight of 3 cm^ of water? 

In tiie following problems, cucli atiswer in the most appropriate unit, 

3. A recipe called for 120-gram portions of boneless beef 
per serving. How much beef would be needed to serve 
10 people? 

4. How much would be needed to serve 50 people? 

5. A printing shop ordered 1200 cartons of paper. If each 
carton weighed 30 kilograms, what was the total weight 
of the order? 

6. On a package of English muffins was the following 
chart: 

Serving Sire 60 Grams 
(approx. 1 Muttln) 

Servings Per PacKaQe 13 

Calorics 150 

Protein 5 Granns 

Carbohydrates 28 Granw 

Fat 2 Grams 

That part of a food thar is not protein nor 
carbohydrate nor fat is essentially water (aside from 
very small amounts of minerals and vitamins). Can you 
figure out how much water there is in each Englisii 
muffin? 

7. In a fou ndry, the weight of a casting, is 340 kg. the 
weight of the sand mold is 585 kg, and the weight of 
the containing flask is 224 kg. What is the total weight 
of this unit? 

8. A small bridge had a sign on it: "WEIGHT LIMIT 5 
METRIC TONS.*' A contractor's truck approached the 
bridge. The driver knew that his truck weighed 2300 
kilograms and his load weighed about 3200 kilos. Was 
it safe for the truck to use this bridge? 
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9. According to a nutrition chart, Greg needed 1.2 grams 
of calcium eacPi day in hi? diet to grow and maintain 
good health. His food intake for one day included: 

3 glasses (750 ml) of milk @ 300 mg of 

calcium per glass 
30 grams of American cheese for 210 mg of 

calcium 
1 egg for 25 mg of calcium 
V^ cup baked beans for 70 mg of calcium 
Other food for approximately 100 mg of 

calcium 

How much was he over or under his calcium 
requirements for that day? ^ 



10. Denisc knew that her body needed about 18 mg of 
. iron each day. According to her chart, 100 grams of 
chicken livers would give her 8 mg of iron, and a 
lOO-grani portion of spinach would give her 2.5 mg. if 
she had the chicken livers and the spinach, how much 
iron would she still have to get that day? 
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UNIT VH ^ TEMPERATURE MEASUREMENT 



Lesson 1 



The Celsius Scale 



Objective: You should be able to select common temperature measurements on the 
Celsius scale. 

Do you think you'd be comfortable sitting in a room watching TV if the room 
thermometer read 20 degrees? You would if the thermometer had a Celsius scale, and 
youi^were reading 20 degrees Celsius! 



Here is a sketch of two thermometers reading the same 
temperature. The old one - Fahrenheit - reads 68° at the same time 
that the metric one - Celsius - reads 20*^. (The Celsius scale used to 
be called centigrade, but the name was changed to honor itsS inventor, 
Anders Celsius, a Swedish scientist who died about 250 years ago.) 

Although scientists in America have been using the Celsius scale 
for many years, the rest of us have not. We will have to learn to 
think or temperatures differently. To help us do that, let*s take a 
closer look at the two thermometers shown liere. 

The Celsius scale is based entirely on the boiling and freezing 
points of water. The scale is drawn so rhat the point where water 
freezes is marked 0^ and the yoint where water boils is marked 100°. 
The distance between these two points on the scale is divided into 
100 equal spaces. Then the same size division is continued above 
100° and below 0°. 



\ 






j_00\ Boils ^ 


/go 


- 90 


}70 




ISO 


70 
60 


!30 


50 


no 


io 


90 


30 




20 


50 


'. 10 


Wfitcr I 


0' Prcezcs 




\-/o 


0* 1 


1-20 



Fahrenheit Celsius 



On the other liand, Gabriel Fahrenheit, a German scientist who 
lived at about the same time as Celsius, set the zero on his scale at the temperature 
produced by mixing equal weights of snow and salt. On the Fahrenheit scale, the freezing 
point of water is at 32°, and the boiling point at 212°. The distance between therii has 
180 equal divisions, which arc also continued above and below. 



So you .see that there are 100 degrees between the freezing and boihng points of 
water on the Celsius scale, and 180 degrees on the Fahrenheit scale. This means that each 
degree Celsius v/ill cover almost twice the temperature range of each degree Fahrenheit. 
The formulas tor converting from one scale to the other are: 



~ C -f 32 



C = ~ (F - 32) 



9 

> ^ a. ^ A— < - 
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As a practical matter, you won't have time to convert from Fahrenheit to Celsius 
each time you use a thermometer, so you will need to become as familiar with the 
Celsius scaJe as you are with the Falirenheit scale now. 

For examples of the most common temperatures, see the chart below. 

TEMPERATURE 

•C ""^^ ^ 

F '^ h ■ ' i ' 1 

-40 0 32 80 98.6 160 212 

water freezes body temperature water boils 

PROBLEMS 

1. What is the freezing point of water on the Fahrenheit scale? 

2. What is the freezing point of water on t!ie Celsius scale? 

3. What is the boiling point of water on thu Celsius scale? 

4. What is the boiling point of water on the Fahrenheit scale? 

5. Which covers a greater range of temperature, one degree on the Celsius 
scale or one degree on the Fahrenheit scale? 

6. A comfortable room temperature on the Fahrenheit scale is considered 
to be 

7. The same temperature on the Celsius scale is 

8. What is body temperature on the Celsius scale? 

9. What is body temperature on the Fahrenheit scale? 
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UNIT Vil - TEMPERATURE MEASUREMENT 



Lesson 2 



Using Common Celsius Measurements 



Objective: You should become familiar vvith additional 
common temperature measurements on the Celsius 
scale. 

You have already learned the Celsius readings oi boiling water, 
freezing water, room temperature, and body temperature. It didn't 
take long. Now you will learn more Celsius readings for common 
temperature measurements. 

You will be using the temperature-converson chart on the 
right to determine the Celsius readings tor some common 
temperatures. It is easy to uso . Find the Falircnheit temperature on 
the left-hand scale; then read the Celsius temperature directly 
across, on the right-hand scale. 



TEMPERATURE 
CONVERSION 



PROBLEMS 



, 60 



Your doctor tells you that you hcive fever of 
102 F. What is your approximate temperature 
on the Celsius scale? 

The weather report said that the temperature 
would drop to about lO^'F. What would this be 
on the Celsius thermometer? 

It is a very hot day with the temperature in the 
high nineties. What is the approximate reading 
(^n the Celsius scale? 



4. Which is warmer - 25'^F or 25*^07 



When roasting well-done beef, the internal 
temperature should be about IVQ'^F. What is 
the approximate Celsius re:iding? 

if your freezer is !<cpr at 0°F. what would tiic 
approxinKit.j temperature be on the Celsius 
scale ? 



Th'j temperature-conversion scale on rhe next oa^e a wider rant;e of 

temperatures than the scale above. Use it for the rest oi the problcMns. 
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- 50 Oj 2C 



-W -40 -50 Oj 20 40 $0 80 IOC 120 UO 160 '.BO ^:.C. ::0 2^C! :S0 300 220 'UJ 380 400 ^:0* UiO 460 

-50 ^-40 - 30 -20 -10 0 _ 10 :0 30 40 ^1) tO 70 SO ^0 ICC 110 120 13U 140 IW 160 IK- :80 190 :-C0 210 272 nO 240 

...1 ______ _ ^ 



7. A certain temperature-indicating crayon used in heat-treating stoci 
melts at 319°F. What temperature is this on the '"Celsius scale? 

8. The tempering tempe.. :ure of twist drills for hard service is 450° F. 
What is the tempering temperature on the Celsius scale? 

9. Quenching solutions used in hardening steel may be of water, brine, or 
oil. Water or brine should be at about 60° F for quenching, while oil 
cools best at temperatures of about lOO^'F. to 1^0°P. Find'^the 
corresponding Celsius temperatures. 

WaL::r or brine: 
Oil: to 



■10. The following are ^cooking temperatures of foods on tlit Fahrenheit scale. Find the 
temperatures on the Celsius scale. 

Baking: Oven Temperatures °F • °C \ 

Very slow 250 to 275 to 

Slow 300 to 325 

Modcr-ite 350 to 375 

Hot 400 /to 47 5 



to 



tc 



to 
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Lesson 1 



UNiT VIII 



- METRIC THREAD 

■ Unifi((<l-N^ational and Metric Thread Systems 



Objective: You should be familiar with the 'unified national- and metric thread 
svsccms. / 

■ ^ , ^ y 

You may havi; I'leard the ■ expression , ''A chain is no stronger than its vveakest 
link." We might invent a similar expression, '*A huge maclune is no stronger than its 
tiniest screw or bolt," 

Why do we say that? - * ■ - • 

Suppose a tiny screw or 'bolt breaks off or is lost m cleaninj^ or repaii-ing a 

maclune. Unless it can be replaced with an identical one, it may . be im.possible to get that 

machine to work properly. ' '■ • . 

That is why thread standards for screv^s and bolts have been developed .through 
the years. So long as the same standards are foliowed in manufacturing, we know that a 
screvv or bolt can always^ be replaced by an identical one. 

Standardization oi m'achine parts is also inliportant. Interchangeability of machine 
parts manufactured in different countries makes rt easier to replace worn or broken parts. 

In 1948,* the United States, Great Britain, and Canada adopted the Unified 
National Thread SystcMii. The system provided for a ^oarse-thread series (UNC) for the 
most common ^ bolts, screws, and nuts for general engineering applications, a fine-thread 
series (UNF) for thread applications requiring greater tensile strength, and an 
extra-fine- thread series (Ui4EF) for specialized uses where the UNC and UNF threads 
v/orc ubt acceptable. The Unified National Thread System is still the most common 
thread system used in the United States. 

Times change, and so do thread systems. Today the countries that nnport our 
machines use the .metric system. Even Great Britain and Canada have changed -to the 
metric svstcm. It is important, as we .know, to make screw threads that are ■ 
intcrchani>;ciible \r} ant' countrv in the world. So we are moving toward i metric thread 
svsteni that can be ndop?ted bv all nations. Then a bolt nianufactured in the United 
States c(3uld be used to replace a bolt tlvat was manufactured in West Germany. 

^ ^ Le:'s" take a look at the inch threads and metric threads acceptetl bv the 
: Internaupnal Standards OrganizatiuiiS (ISO). At the present time, there are 57 sizes' of 
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ISO metric threads and 59 sizes of ISO inch threads (which are tiic same as the Unified 
National Coarse (UNC).) The- thread forms of both tiic ISO metric and the ISO inch 
series are identical, ai shown in these two diagrams. 

THREAD FORM ^ISO METRIC AND ISO INCH SERIES 




p (PiTCH) > 
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thredih of ihc ISO tuctric series and the ISO inch scnes f l/VC; are nor interchangeable. 
Even though some of the sizes may appesj- very clqse, there will be slight differences in 
.tbeir diameters and in the size of the threads. 

" The International Fasteners Institute (!FI) has recommended that .both the ISO 
metric sizes and the ISO inch sizes be replaced with 25 metric threads. Mcsc of these IFI 
trial thread sizes are identical to the ISO metric coarse thread series. They are also the 
most commonly used sizes. 

Standards for niairCUaAuring the IF! trial metric threads, the ISO metric threads 
(coarse aiTd fine series), and the Unified National (UN^C, UNF, and UNEF) can be found 
in the 2pth edition o{ Machinery 's Handbook, 

Class Discussion ' ' ' 

1. Wliar screw-thread system is most commonly used in the United States today? 

2. What screw-thread system is most commonly used in most parts of the world today? 

3. Are ISO metric and ISO inch threads intcrch:\ngeah]e? 

4. What are the advantages of standardizing the screw-thread system used throughout 
the world? 

5. What rea^son^ ^would you give for substituting the 25 IFI sizes for the 57 metric sizes 
and the 59 inch si;:es? ^ , 

6. Why would FiTopean countries in-ist on metric machine p.i. cs when ''buying 
AnicricarV? 
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UNIT VIII METRIC THREADS 



Lesson 2 



Metric Thread Designations 



Objective: You should be .able to read 'a complete designation of a metric thread. 

Craftsmen wil! not only use metric tlir<:.;ds in the future; they will also have to 
"tlunk metric'' to work efficiently, ''Thinking metric" includes beiiig able to read metric 
thread designations. Let's start at the beginning. 

All metric threads begin with a capital M for metric. Easy so far ~ OK. 

^ The M is followed by the major or noTtiinal diameter (outside dia:.\t;ter) in 
millimeters. So, ar. M 12 lia^ a nominal size of 12 miinmerers, and an M 10 thread has a 
nominal size of 10 millinicters. Metric nominal diameters range from 1 to^ 100 
millimecers. 




THr^EAD SYMBOL FOR ISO • 
NOMINAL SIZE IN MILLIMETERS 



The next part ot the thread designation is the pitcli, which is tli.; distance from 
the top oi one thread to the top of the next. The pitch is ai^o shown in millimeters. The 
pitch is separated from the nominal diameter by the sign '*x." So the thread designation 
for an M 10 thread with a 1.25 millimeter pitcli would re^sd V40x 1.25. ^ "^-^^ 




THREAD SYMBOL FOR ISO • 
NOMINAL SIZE IN MILLIMETERS - 



PITCH IN MILLIMETERS 
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The samples below include the nominal diamercr and thread pitch of selected 
-threads from the ISO Metric-Fine Series. 



MSxl.O M24x2.0 

M12X1.25 M30X2.0 

M16X1.5 M36X3.0 

M20X1.5 M42X3.0 



There is an exception to the pitch designation. The pitch designation may be 
omitted froin the thread designation for ISO Metric Threads - Coarse Series. In other 
words, if iio pitch designation for an Ml 0 .thread is given, then the pitch is 1.5 mm — 
because 1.5 mm is the pitch for a coarse-series size for a 10 mm (diameter thread. The 12 
coarse-series threads below include 90% of the metric threads used in manufacturing. 

ISO Metric Thread — Coarse Series 



Diameter 


Pitch 


2 


0.4 


2.5 


0.4 


3 


0.5 


4 


0.7 


5 


0.8 


6 


1.0 


8 


1.25 


10 


1.5 


12 G 


1.75 


16 


2.0 


20 


2.5 


24 


3.0 



So, an M5 thread witiioat a pitch designation \ ould mean a coii^^' . hrcad with a 
pitch of 0.8 mm. — — • 

PROBLEMS 

1. Shown below is an example of an M12 external thread. What is the nominal Jiametcr 
of this thread? 




5. The pitch of the above bolt is not listed in ihe thread designation. 

a. What is the pitch? 

b. Is it a coarse-series or a fine-series thread? / 
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Another bolt has a chread designation of Ml 6x1.5. 

a. What is ilie nominal diameter? 

b. What is the pitch? 

c. Is it a coarse-series or fine-scries thread? 
A bolt has a thread designation of M24x 2.0. 

a. What is the nominal diameter? 

b. What is the pitch? 

c. Is it a coarse-series or fme-series thread? 
A boit has a thread designation of M24. 

a. What is the nom^'^al diameter? 

b. What is the pitch? 

Is it a coarse -series or fine-series thread? 
A bolt has a thread designation of Ml 6x2.0, 

a. What is the nominal diameter? 

b. What is the-pitch? . 

c. Is i" a coarse-scrics or fine-series thrc;Ui? (Think carefully 
before you answer this question.) 
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UNIT VII! METMC THRE.\DS 



Lesson 3 



Thread Identification Chart 



Objective: You should be able to distinguish between mt^tric. American and British 
threads. 

There are several differences in thread designations when comparing vhe 
American, metric and British systems. See if you can determine the differences bv 
looking at these examples. 



American 

' 1/2 



20 UNF 



Metric 



M 12 X 1.5 



British 



1/2 BS 



-Thread designation 
-Number of threads per inch 
Nominal diameter in inches 



Fi:ch (may be omitted for coarse thread) 
Nominal d'.anietcr in millimeters . 



'—Thread designation 



— Hiread desii^nat' )n 

— Nominal diameter in inches 



Check your findings against these differenc es. 

1. Ti:e metric designation uses pitch where ilie /\merican system uses tlircad-. 
per inch- Pitch is measured from one ponit on a thread a 'rresponding 
point on the next thread. 

2. When the pitch is \ Mitted in rnetDc, that means it is u coarse thread. 

3. Jn the Dritish system, there is no need to in t Ml ate ti\c iii'tnbcr oi threads per 
• inch. There 'is only one nam be. of threads allocated to ^-ach diamet^^r an.-J 

series. 

i 

/ 
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The Thread Identitication Chart in rhe Apptndix will show some other 
ditk'rences. For cxamDl';; 

1. American miniature thread is interchangeable with corresponding sizes of ISO 
metric. 

2. The nominal diameter of metric pine threads (straight and tapered)' is the 
actual measurement of the major diameter of the thread. This is not true 
with the American aiid British systems. In those systems, the nominal 
diameter or rhe pipe is the inside diameter of the tube. 

PROBLEMS 

\. Give two examples from the chart to show that the American miniature thread 
(UNM) is interchangeable with corresponding sizes of ISO metric. 

2. Write out the thread designation for two threads each for: 

a. Metric 

b. American 

c. British 

3. Why does the thread designation for the British system omit the number of threads 
per inch? 



9i 
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.APPENDIX A 

THREAD IDENTfFfCATION CHAR 



t 



The tasi< establishing or-gm, des:gr:ation, and r.izc an iinr-n-yAn thread can te a co-pHc^'ad 
experience, even if you ha\'^ sll thQ necessary tools a: hand. make it easier, ha'^e prepared 
a Thread Identification Char* /T./.C; ^here the three most comma threads - American, SriUsh and 
K'etric are listed. Just foilcw these three basic sieps: ?. K^.essure Major Diameter of your thread 
2. Count number of threads per one inch length 3. Locate your findings in our T.I.C. 
Before going further in this detaife<i instruction here is a general introdvr^tion to Metric and British 
thread designaaons. For comparison, the American Standard is includeu^ 
AMERICAN: r2-20UNF METRIC: M 12 x 1.5 




[m)rm 




i 



Des i gnat ionjx amples of the various thread series: 

' r^_^' 0_'N ' CQARSS : THREAD • PiNt THREAD 



^^AMERiCAN 
" "BRiTiSH 



EXTRA FINE THD 



M 6' 



'ATUkE THD 



1/4 • 28 UNF : 1. 



1: 32JJNEF 
^ 6'x 0,5 



.40 iJNM 
12 BA 



1 



1 i B5PT ' f 



JA 6 X 0.75 : 

...Jlf.^^^ 1 4 BSF'"""j 

From the atx)ve table several designation differences are apparent: 

1. Metric designation uses pitch instead of number of threads per inch. Pitch is the distance from any one pnint on a threa^ 
to a correspondi ng point on the next thread, measured parallel to the axis. 

2. Metric coarse thread does not indicate pitch, rhe absence of pitch meais coarse thread S'-ries, 

3. Nominal diameter of Metric pipe threads ;stra jht and- tapered) corresponds to the actual measurement of the thread major 
diameter. This is contrary to American and British designations where nominal diameter of the pipe thread indicates 

^J'^.^^^' ^^be. in the T.I.C, ti^reads are listed in ordc^ of increasino size of the major 

Q.^meior. Due., this American and Bntish pipe threads are in the chart among larger s/ro thread dia,^'oterl 

^' ^ ^e'^V^^^^l'^5 ^a^^ European countries still use the inch measuring system in conneciion with pId- threads 
it IS actually Bntish thread BSP and BSPT , but the local designation me^y be different- ' ^rireacs. 
In Prance G 1/2 co for tapered pipe thread, G 1/2 cyl for straight pipe thread (G for Gaz) 
in Germany R 1/2 k for tapered pipe thread, R 1/2 for straight pipe thread fR for Rohr ^ pipe) 

^' n ^^L^'1\T Z^^^"^ ^^^'^ '^^^ '^"^^^^^^ ^■''^ British thread series have only one 

num^ber of threads per inch alinc.fitM tn n'ix^m^mr c^r;^^ ^ ^' ^ 



num^ber of threads per inch allocated to its diameter and series. 
6. American Miniature thread (Uf^M) is interchangeable witr, corres:^nding sizes of ISO f.^etric Standard, zatior^ 



' 6 X 0. 75, 



FollCrving are step : . side instruct'ons on using the TJ.C: 
1. Use micrometer or caliper to measure Major Diameter (actual outside, dia.)' 
of the screw thread. can be measured in decimal inches or milfimetres] 
Note that thread major clia. is o 'ten undersized for clearance. 

Use ruler, crUper or micrometer to count number of threads per inch 

Since the Metric system does nC'r >r.o Thds lnch for' identificatioi. 
use the Pitch Conversion Table trj convert the counted 25 Thds/lnch 
to the exact number of 25"/? Thd^/lnch as equal Pitch 1. 
Pitch Conversion Table is located on T.I.C, at the right margin. 
3. Using the Basi.c Major Qia. column m T.iC locate the decimal inch dia 
Once established, move horizontally to find a match in Thds/lnch or Pitch, 




- 20 UNC, ' . - 28 urJF 

lnc^ Reading- 2'''^ * 
5.90 n>f- 



PITCH 
COHVEflSION 
TABLE 

THDSJ^chrpnCHl 



iixar.-pic S\UT>r pin. 



BASIC MAJOS D\' 









• — 1 






.2362 


6 


,2500 


6.35 




f- 1 



.J ioj / 



6 

f 7 


1 li 


i 

^ i... J. 75 






! 0,.^". D.75 1 



Should there be only. one thread in this fine, ^he task ouid be accomplished 
j/nce there is more than one possibi/ify, •^e have to go back to the example ' 
and check it-^ thread angle for final breakdo^ 

Using meiric Screw Pitch Gage we can safelv distinguish 60 Degree of metric 
thread against 4r/:i Degree of British 3A thread angie. 

}-xan:lf!v ir: rrra^urr^'writ VI. !ru ',f> /-- i^.r. r thr.'ad u 
f-'xamn/r' s '.' '.'jT, ami itrv 
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THREAD ^DEMTIFICATiON CHART 



METRIC 



ISO Md. - xncj Lhoice 
iSG Std. - j^'d Choic** 

iVl T;:-«f - »»?»Tic pice T::r*''-L* 



AMERICAN 

UNC- U-:f;rJ Nar-o^ol Cocr-i- 

Ifiod Notionr:! Hj^tfc; . 
UNM- '.jrifl<?d Nctfca! MItmc'l'-'J 



. C9S.1 










. 5 ! 


. 1024 






. \ lo; 


"> 


8 


. 1120 


"> 










. 1260 




20 


. 1360 






1 -i 1 7 


3 




. 15/5 










i 0 


. :^4 0 


4 


I 7 




■t 










\ 1375 




76 


. 1900 






. 1969 


5 




. 2087 


5. 


30 


.2160 


5 . 




.2165 


5 . 




'".^i8a ' 






.2362 






. 2500 


6. 


3S 


.27 56 






.2812 







METflJC 




AM_ER!CAN 1 

THREADS FFP If^CH 

JNC UNF \ L'NV. ! 


0.3 • i 0.03 
7.3 5 0.C9 




315 


C . 4 • < C' . 1 


. 10 . 


254 


0 . * ^ • • J .] 

/2 • » C . ' r 5 


- 4 5 »i ~ 


I S4^ 


C . • ^' Z.'h ' 




2 '0 3 


0, " _ * ^ 0, ! ^ 


.70 r-- _ 




• ^ 11. 2 

O.-V « 0.22 5 

' • ^ 0.25 

M . . . 0.2 

1.. • « 0.25 0.: 


.80 r^'-Ti 

000 

90 m-r." " 
l.CO rrrA 
1. 10 r.-^ 

00 
■ . 20 

"i . 40 ' 


127 ' 

12 0 i 
■ 13 ' 
!02 
102 

9 0 ■ 

1C2 


• :-i5 0.2 

' -.35 i 


i : . 

■ 


! 





• '^F'.'S 


B R { T 1 S 


H 


B A - 3' ' • ' A 5 5 OC • 




E3W. Sri-ish S^d. 


•;rwcr-h 


BS F - BritisH 5tand:;r 


-J ri'-p 


BSP- 5:-i.H Srcn^.. 


d Fiptj 


BSPT- r- • 3^ 3-3. ^ 


■ 


BRITISH 






INCH 


12' ~. F^ '"5S^ 


" BSF 



/X7 

E T D I ; 



2 I 



3.4 5 



0.45 0.35 



0.45 



0.5 



0.35. 0.6 



0.5, 0.75 



0.8 0.5,0. 



• 1 0.5, j.^' 

"'»'^^'* ' * 0.5, 0.7. 



40 
4 0 



'18 
44 
40 



12 



24 28 32 



1 -J : 20 2?, 32 
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17 1 



7 32 
0 

1 4 

9 32 
5 1 6 



6 



-'■'i: RfCAN.- 
UNC, UNF. 
UNEF, UNM, 

P - >- 

/VV\ 

BRITISH: 

BSA, B5F, 
BSP. B3PT 



BRlTly BA 
PITCH 



26'<. 



20 26 



26 
22 



P©» inch 


mm 


^ ^ Cl 4 


0.075 


317'. 


0.08 


?62i 


^.09 


2 4 




203 4 


0.125 


1 69' 4 


0.15 


U5'4 


0.)75 


127 


0.2 


1 u r.- 


0.25 


34'4 


0.3 


■ 72'. 


0.35 


63--. 


0.4 




0.45 


50'4 


0.5 




0.6 


- 6 ■ 4 


0.7 




0./5 




0.3 




0.9 




] 




1.25 


1 / 


1-5 






12 '4 




\o\ 


2.5 


8'; 


- 3 


7'^ 


3.5 


6=4 


4 


5'4 


'1.5 


b 


5 




5.5 




6 



8'. 



ERIC 



'2' 

5000 : !2.7C 
_.51S.j ■ :j.16 
5400 
55^2 



THSEAD ?DEHTtF l CATtOH CHART - continued: 



BASIC MAJOR 
DIAMHTER 



Ir.ch ! 



.3^25 ' 7. 
.3150 i 8 

: 9 



94 



. 3830 I 9.73 
.3937 I 1 0 



.4050 ! 10.29 
.4331 i n 

, 1 1 



-76250 
.6299 
^6560 
.675C 



12. 72 
14 

U.29 



:t. tt 

•7.15 



for 

20 

?0.64 

:o:96' 

.1.34 

22. 91 

81 



5CC 
7874 
5 
5C 
. 3400 
.8661 
■ :8750" 
. 9020 
?375 

.^-4 49' 

1.C0OO 2:.- 
2o. 

1.C500 26. 

J^C-r2 5 ^6^^^-^ 

r. G:;:0 27 

1.12:., 2H.::3 

J._l_8 r. _ 
1. 1375 



1. 1S9C 
1.2992 



1.3125 
1. 3)50 
I. 3750 
"1. 3750 
1.4173 
1.4375 
T". 4920 
1. 4961 
1 . 5000 
. 5354 
1. 5625 



1.6500 
1.6535 
1.6600 
1.6875 
1. 7450 
1.7500 
1.771:' 
1. 8820 
1. r ;98 
1 . 9000 
1, 9685 
2.O0OO 
2.0472 
2.2G47 
2.2500 
2. 3470 
2. 3622 
"273750 
2.5000 
2.5197 



50. 1 1 

32 
33 

33.40 
34. 93 

35 
36 

36.51 
yO 

35 

I'G. 10 

39 

39. 69 

41.91 
42 

42. 16 
42.86 
44.32 
-1.45 
45 

4 7. 80 
4S 

4 8. 2{. 
50 

50.80 
52 

561 ... . 
57. 15 
59.61 
60 

•6o:3r 

63.50 
64 



METRIC 



NO,M DlAi 



STD 



PITCH iM mm 



FINE jMTcp»- 



S • xi 1,25 0.5, 0.75. 1 i 
9 ;>*>xl 1.2^ 0.75, 1 j 



lO 



K5 



0.75. 1.1.25' 



1 



1.5 :o.75. 1. 1.25; 

1.75 *1, 1.25; 1.5"' 1.5" 
: h K25, i.5 



18 



2.5 



2.5 



1.5,2 



; .5, 2 



2.5 



2 



1, ].S, 

_.].5 



1.5 
1.5 



1,5 



K5 



27 
30 



32 
33 



3 

3.5 



1, 1.5, 2 
1, 1.5, 2. 3 



1.5, : 
1.3, : 



35 
36 



38 
39 
40 

4 2 

-15 
48 

50 

52 
56 

.30 

64 



AMERICAN 



NOMINAL ^ THREAD S PER INCH 
QiA. UNC ■ UNF fUNEf^rNPT 



16' 



27 



8 T ■ ■ 
'2 13 

9 ^6 \: 



27 



:,. 20 [ .23 ; 



20 



26 



5 3 



3 t : 

n, \6 



18 24 



24 



]_3__lj^ 
1 2 ■ 



1.5 

1.5, 2, 
1-5, 2, 



4.5 



4.5 



5 

S.5 



7 8 

15. It 



3. 4 

1 1 8 ' 7 
~\ 3 16 
1 ; 4 



"5 '16' 
1 



14 



12 



"TO" 
20 

~~20 
20 
20 



1 9 16 
15 8" 



' 4 

: 1. ) 6 



12 



JA... 
18 

IB 



"1^ 
18 



18 
18 
18 



SRITISH 



NOMINAL. THRE ADS PER IN CH 



D!A. 



1. 8 



7 Id 



1 2 
1 4 



_9 
5 

11. 16 
~3'-4~' 



BSW \ BSF ' B5P ^BSP"? 



16 



20 



28 



28 



12 



14 



19 



19 



11 



IC 



-■2 16 
1 2 



T2" 
12 



7 8 
5 8 



1 1 



10 



3 4 



14 



14 



14 



14 



'.5,2.3,4 

' 1.5. 2, 3, 4 

. 1.5.2,3 

1.5, 2, 3, 4 
••-i 2, 3, 4 

1.5,2,3,4 
1.5. 2,3,4 



4'v 



2 

2 1. 2 



..-J. 
13 8 

: 8 
1 1,2 



1 5. 8 
1 1 4 



1 3 8 



1 1 2 



14 



1 1 



1 1 



1 ! 
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.\PPENDIX B 



~V0 Pir 



UNO 

SEA 

AIR 

nPACE 



STANDARD 



J390 



DUAL DIMENSIONING — SAE J390 



SAE Standard 



j-.v'nc :>tandsrds - 



■isor\ Cor--,'r,i::>>c. aD:;'*0'. J^Jiy 1970. 



(.,I-N: KAL 



•.j: L .S. cUiiDinjir)' (inch } units and nv. . 'ic units ormeasuri; 
Oil same L'ngmeermg drawing. In th;: documeni "metric 
urjits" means tlie I:iternation:».l S;. ' -ni c: Units ('abbreviated 
SI) as described in ISO Recomnv.. - R lOOO, which in- 
ciudci (.:eriain units jn. addition tu :mal SI. included 

js iiiiidance lor Cf'nvcrtine from one sy?; orn lo the other 
•Ahilo maj;",ta:fnng interchangcabilit y. 

: -TAM) ' 'vD I'NITS 

ZA r.S. I'NlTS - The L'.S. custon',ar> unit for iinear di- 
niensnjns is the inch with decimal dimensioning preferred. 
(One iiich equals 25.4 millimeters, exactly.) 

2.2 MHTRIC UNITS - The metric un;i, on eng-iiecnng 
drawings, for iinear din..:;sions is the millimeter. 

2 3 IDENTIFICATION OF UNITS - The inch and miili- 
niecoj dimensions must be identified, one from the other as 
follow^ : 

2.3.1 Preferred Method - D::i!er:s 
'^v' relative position with the millin";'-. 
lo the !et"l of the inch dimensior;. 



MlLLiMETER; Mi LLIMETFR/lNCF 



>hall be identiiled 



30.48 ± .] 



30.5>v 
30.38 



1.200 ± .004 



1.204 



30.4^i 1 0.1/1.200 t .004 



2.3.2 Alternative Methods • It will be permissible to use 
one of the following alternative methods of identificaUon in 
place of 2.3. 1 . 

[d) Position method as in 2.3.1 except with inch dimcr. 
^ion above or to the left of the millimeter dimension - 

(b) Square bracl^ets [ J surrounding the nnilliirieter di- 
mension.^, placed adjacent to the inch dimensions (position 
optional). 

(c) Square brackets [ [ surrounding the inch dimensions, 
placed adjacent to the mijlimeter dimensions (position op- 
tional). 

2.3.3 Only one of the aoove methods of idcntificat- )n 
of units may be usci throughout a single draw- 
ing. Each drawing r.h illustrate how to identify the inch 
and millimeter dimensions, by ? note adjaceni u of within 



INCH 



INCH 



[MILLi?-!ETFR] 



INCH {MILLIMETER] ,et^-. 



2.3, In Converting e x isting drawings To dual-drniension- 
ing. spa^e limitation;, may sometimes make it 'inpracticaJ lo 
locale a.Miensions ab required for identificat' ^ by posit ' ik 
In these jases ii is permissible to show the convened dunen- 
iicn in a nearby associated locaiion identified with the sym- 
bol mm cr IN. 

2.3.5 Units -.'li- *ban linear and all units used for other 
than normal drw ^jniensions (i.e. n^:es or text ) shall be 
identifed with the appropriate symbr'.. 



Examples: 13.6 Nm/h .F FT 



OVERHANG LIMITED TO 12,7 mm/.50 IN 

2 4 COMMON UNITS - Som.e units can be stated so i! ii 
tlie call out will satisfy the units of boil; systems. That is, 

UO^ :n. per mch 0.006 mm per niiihn -jter can both ne 
expressed sir.ipi) as a laiio. " ')06. i. or iii j liote, sucn as 

I APLK O.tJOti 1, 

2.5 ANGLES - Aj.-'ilar dimensions need no conversion. 
Angles star L J in degrees a:. a decimals of a degree or in de- 
grees, minutes, and seconds are common to the inch and 
metric systems of measurement. 

2.6 NOMINAL DESIGNATIONS - Nominal deiignaUons 
^uch as thread sizes and tire sizes will not be converted. 

3 PRINCIPLES 

3.1 MILLiMFTER DIMH> ^lONING PR.ACTICFS 

3.1.1 A 7.ero precedes a >' cimal point in a millimeter 
value of less than one. 

Example 

3.1.2 'A^cre unilateral toler... used and either th5 
plus or minus value is nil, this value shall be expressed by a 
single zero only. 



Example: 



32 



0.02 



.0 + 0.02 
■ - 0 



88 



mal poiTit, ir; the composition ot 2 rrrMimti^: v i]:ie. except 
as follows: 

(a) Where liinit dirriensjoning is -as^d anu eithc ih€ it:ja- 
imum or miriiniurn diiriensi.'-n h:is dipis t'l^iiow-ng the ^eci- 
ma; poinT. 'Jie o'iier vaiui bhali riaw /i-r.-i jaJeJ ; urui'THV 
II y. 

L\jn:p:c ■ >*; \^ :.. 'i -,7', ^ 

minus vaiu>is ^hall iv^-*': the sairie ru :;::-Jt : -u'^i:':.^! • 
-isint; ^^i'^^ where r[cc'::/^j: ■ . 

Example; _ ^ not _ ^ ; 

3.1.4 The symbol o and the abbreviation Dl.A .<re synony- 
mous, defining a feature as diame' \\. i:ither may be Ui>ed or. 
a dual dimension drawing; howevc; . both Jihall not be used on 
the same drawing. The application of ci'.her the symbol 0 or 
DIA is self explanatory, li-,^' -yni'- .i 0 \\\\\\ either precede or 
tbuow the dimension. 

The decmi-. !.ign for metric values shull be \'-iv\t 2-> 
thai "Jsed for the inch decimal dinension, a d(^r: {.)■ 

3.1.6 Comiriii.s shall not h^- usee to d.njte :ho'.s^r-.ds ■■-^ 
.Miner inch or meinc values. 

h.X3':;pie. 'i 32:' -^ 

4. . J'PlJi. .-.TiON 

4.1 NEW DKAV.iNC.S - Dual ai:ne:i.i^ -riK.u . ; -w ■j^.■A- 
irigs is facilitated if all dnnensionr, 'ire slufAi; ih jL'^.'in-.a;-^. 

4.: GENERAL TOLhRANC FS • Cien^-rai loierancc^ .> - 
ally expressed on a drawj::\' .is p.ui ■ th^r tiHrnvii o: .is a gc:. 
eraJ note shall be dual dim-jnsioncu 

4.3 SYMBOLS -Cei^mcUic chara.:er' oil s\rnbti!^ fnr 
form and posit;^-'n and the re!;.r-.'d lojerar^. jiroL«ju irv' a.'^' 
recommended tu be u:>ed on Jual diincnsiiv - ;i drawm^^ See 
ANSI Y14.5-l^b6. 

4.3.1 Dual dimensioned draw.n- s:>?-:i{\ . by the 

ISO svMiboi as.=^novvn m \'%. 7, tir. ...x^ic ...w' projCLiiun avj;.!. 
Althoiieih first angle pr^^^-^-ctidn ;s ccmmunly u.x'd i;i ck:\\:\- 
Ines whore the metric measiirejik'rw sysicin is staiMlard. it 
recommended that thud anf,'. : : 'U'cijwn ho u>ed ^wi d:;,!^ 
Riensjoned drawings that tohov, ;;i:s dL<cume;H. 

5. CONVERSION OF TOLFKANCEI ' l.JNFAK Dl.MI N- 
SIGNS 

5.1 CONVl '0NTA13U-.S ^ Refer ;o Appendix A. 
Tab.i'^s an-: ' "'tarts, tcu conveision tab'f ^ ;>] inel^ nrll '.me- 
ter values :;;(J nuHimet'er tn inch vaivics. 
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5 DEC IMAL PLACES 






2 DE.C!HAL PLACES 
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- "> ■' z 
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0.G02 


0.02 


i 5 DECIMAL PLACES 


0.C2 


0. 2 


1 DECIMAL PLACES 


0.2 


2 


3 DECF-AL PLACE3 


2 :) OV£P 


i 2 DEC PLACES 


5.; xa - \'. 


A- V Ol- CONV 


hRTM) A 1. 1 ! - fhr ii- 



rnerision "Ah c^ua! ' • wlncii .icceptable as the iub- 
stini;e ; ' ..e ur"ti.inol d. . ja^Jon. vv lie I her inch ur millune- 

shonM be sh^.wn t(-^ the r.'jnH">er of decimal places so as 
to mamiain jMurriiangeabiliiy . f'lgs. I and 2 p'-ovide for a 
round o:! of :he conversion to dimensions 'hat are practical" 
io: 'lise .Alter converse ^n, judgement must be applied to de- 
T.rniine ihat iliz -"rr-n 'he round '.)tr docs i-C't affect uile:- 
chaniieab!l;t\'. hjior can be rodiiLed b> retaining a:;otb.rr 
dei.'unal place m iitC cot*. verted '.' ir.ensjon. Inle:c{iangearL]»tv 
can he posit !V'N\ ..--.iii'cd bv rour-dip:: the Inmis of a diinen- 
^ li 'i: :rr.'. --s inch v.'ih resuH ::■ -1 ' . .d loi-M ance .Mid 

may il ;ecl pr -hjcti' ■:: C' ''-l^. 

^.2.i 1'. !s reco|<i":i/L'd iJiat U;:;'iei;sions may ic^jUire 

J dilterL'iif a^:^'jKu.^ of ro'jnu otT iliar- Loniain<\i in i 
cjiul 2. !u LLiiwti vjases. roiidiOuaiit ui^ Uu; i j hula ted vaUies 
n;a\' bv used, I )imen.si> -n.s and ioierancer sliould alwa\■.^ be 
Governed by dcsigii nUcU. iii'd shi-'iid not he res tiic live lor 
the simple -*eas'.M. t^l saiisf\ ing 1 r- at heniancnJ conversion. 

3 IN ri-Rv MAN(;F UULI 1 > < ONSIDhRAfTONS - 
fh.-re aic ivvo basic i^iethods tor detennn'.ing the aclnal di- 
inen M*Mied value tliat wd! piovnle ire mtercliaiigeability 
.juiTL-d a: ! ttia! :ll peiniM tiie . ccept iSle fil ol pavt:> pro- 
tiUeed tr* ■ji dinil d.<nie<i"rJoried diawm-s. Mcl}u)d A lounds to 
-aiu" icaiesi id The iinnis or thj ioier.;iice and Method H 
[ouiii.is ii I values ai^va'- s mside liie tolei'vJ.u;e liinO- . 

-■ vi i '■.ill'.' Mcih* 'd A . .t omie;;^;' '11 i*Jt M.MuI(.-d oil by 
ii>!h'AMr'j (!;e ■.iimdarL] louiid "11 rule (see SAh 'ar.^- 
.graph 5}.ind l ig. j f ig. 2 l!ic hmits co?i rlcd i>> this 
meihi'd. cr-nsidcreJ as ben^g acceptable tor nilercha;.i!ea-. 
bil'ity. scrv'e as a bjsis loi ;nspertioii 

r.3,2 l/sing Method a iiimcnsion . :ouiuled off sys- 
tcnioticallv mside ifie to'erance Imnts i i the dimension. 
[}'•: C'^'ivcrUd :ini;%, ncvi.-r cecd the original hmiU:. Thi'i 
moUlivl 5nus! h<- einpioycd 'vvlicf the (--riginal hmiti mu.^t 
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be respected, absolutely. This method allows components 
. that are made to the converted limiis to be inspected by us* 
ins gages that were provided for the original components. 
Metliud B may substantialjy reduce the tolerance and there- 
by affect cost and producibiliiy.. 

^•3.3 Interchangeability consideration based upon the 
maximum and minimum condition may require the applica- 
tion of both Method A' and B to the same dimension. As- 
sembly of mating.parts depends upon a "go" condition at 
the maximum material limits of the parts. The minimum 
material limiis which are determined by the respective toler- 
ances are often not as critical from a functional standpoint. 
Accordingly, it may be desirable to employ a combination 
of Methods A and B in certain conversions by using Method 
B for the maximum material limits and Method A for the 
minimum material limits. Alternatively, it may be desirable 
to round autumatically the converted minimum material 
limits outside the original limits to provide greater toler- 
ances for manufacturing, 

5.4 CONVERSION OF INCHF.S TO MILLIMETERS 
5.4.1 Method A - The use of this method guarantees 
that even in the most unfavorable cases neither of the. two 
original limits will be exceeded for diminished) by more 
than 4.97o of the tolerance with limit dimensions or 9.89r 
of the tolerance with plus and minus loieranced dimensions. 
In plus and mnius toleranced dimensions the maximum er- 
ror shown can only be introduced into one limit of the di- 
mension. The total tolerance may be increased or'decreased 
a maximum of 9.8% with either limit dimensioning or plus 
and minus toleranced dimensions. See Fig. 3 for maxiinuni 
limit error in inches. 



METi:Cj A - i:;c 


'i 'vo MiLi-i. 








Fi^OH 111 i:;(:i^:r 




PLUS a MliTJ:', 


% 


,00000: 


.00000i> 


3 ^ 


.00002 


■ .00004 


2 


.0002 


.0004 


I 


.002 


.004 


0 


.02 


.04 



Conversion mto millimeters gives: 



49.9364 
49.1236 

The total tolerance equals .032 m. and lies between .004 
and .04 m.. and the conversion u rounded to tiie nearest 
0.01 mm. This results in limits as follows: 

49.94 
49.12 

5.4.1.2 Plus and Minus Toleranced Dim ensions 

(a) Convert the dimension and each deviation exactly in- 
to millimeters by means of the conversion factor I in.' 
equals 25.4 mm exactly. 

(b) Round off the results obtained to the nearest rounded 
value as indicated in Fig. 1 depending on the original total 
tolerance in inches. 

Examples: 

( I) Bilateral Toleranced Dimension 

.375 ± .005 

Conversion into millimetL-rs gives: 

9.5250 + 0.1270 



The total tolerance equals .010 in. and thus lies between 
.004 and .04 in. and the conversion is rounded to the 
nearest 0.01 mm. This results in a final dimension as fol- 
lows: 

9.52 ±o:i3 
(Sec 5.3.1 for round off rules) 

(2) Unilateral Toleranced Dimension 

, + .000 



1.250 



.005 



Conversion into millimeters gives: 



FIG. 3 



31.7500 



0 

•0.1270 



5.4.1.1 Limit Dimensions 

(iLr£!?.y.?rl^'i^* ^^vo values exactly into millimeters by 

means of the conversion factor one inch equals 25.4 mm. 

(br Round off the results obtained to the nearest round- 
ed value as indicated in Fig. 1, depending on the original total 
tolerance in inches. 



The total tolerance equals .005 in. and lies between .004 
and .04 in. and the conversion is rounded to the nearest 
0.01 mm. This results in a final dimension as follows: 



31.75 



0 

0.13 



Example: 



1 .966 
1.934 



5.4.2 Method B - This method must be employed when 
the original limits may not be violated even slightly. Method 
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B is oiily dirricily applicable to limii dimensions, see 5.4.2.2. 
With limit dimensions Method B may increase the lower limit 
or decrease the upper limit a maximum of 9.8% of the total 
tolerance. Method B may decrease the total tolerance a ma^i- 
imumof 19.7%. See Fig. 4 tor maxinuini limit erro* in inches. 



METHOD 3 - XliCh 


TO MILLlMrJI'SR CO:nT.HSI0,N 


NO. or FLACES 


MAX LIMIT ERROR IN I.'iCHE" 


PiTAIKED IN 


LIKIT DIMENSIONS 






MM corrCT-siow 




i* 


,00000^* 


3 




2 


.000^* 


1 


.004 


0 


.04 



FIG. 4 



5.4.2.1 Limit Dimensions 

(a) Convert the two values exactly into millimeters by 
means of the conversion factor orie inch equals 25.4 mm. 

(b) Round off each limit towaid the interior of the tol- 
erance, that is, to the next lower value for the upper liniii 
and to the next higher value for the lower limit. 

Example: 1.966 
1.934 

Conversion into millimeters gives. 

49.9364 
49.1236 

The total tolerance equals .032 in. and lies between .004 
and .04 in., and the conversion is rounded inward to the near- 
est 0.01 mm. This results in limits as t'ollow,: 

49.93 
49.13 

5.4.2.2 Plus and Minus Tol era need Dimensions - Method 
B is not directly applicable to plus and minus toleranced di- 
mensions. If method B is desired, the dimension should be 
changed to limits and conversion performed as in 5.4.2. i . 

Example: 

.375 ± .005 

Calculate the maximum and minimum linnts ni inches 

.380 
.370 

Conversion into millimeters gives; 

9.652 
9.398 



The tola] tuler-.mce equals .010 m. and lies between .004 and 
.04 in. and tl;<: conversion is rounded inward tu the nearest 
0.01 nim, resulting in hmils as follows: 

'-^.65 
^.40 

5.5 CONVERSION OF MILLIMETERS TO INCHES 
5.5.1 Met hod A The use of this method guarantees 
that even in the mos: unfavorable cases neither of the two 
original limits will be exceeded (or diniinished) by more than 
6.4% uf the tolerance with limit dimensions or 12. 79^ of the 
tolerance with plus and minus toleranced dimensions. In 
plus and minus toleranced dimensions the maxim jm error 
shown c^n only be -ntroduccd into one limit of the dimen- 
sion. The total tolerance may be increased or decreased a 
maximurn of 1 2.7%- ^yith either limit dimensioning or plus 
and minus toleranced dimensions. See Fig. 5 for maximum 
limit error in inches. 



MErHOD \ - >aLLIME'rER TO INCH CONVERSION 


NO, OF FLACr:S 
RETAIIiED IN 
ROlJIiDEX) 
INCH CON'/ERSION 


MAX LIMIT ERROR IN INCHES 


LIMIT 
DIMENSIONS 


PLUS & MINU3 
TOLERATJCED 
DII^iSIONf: 


5 


.000005 


.00001 


k 


.00005 


.0001 


3 


.0005 


.001 


2 


.005 


.01 


] 


.05 


. 1 



FIG. 5 

5.5.1.1 Limit Dimensions 

(a) Convert the two^values into inches by means of the 
conversion factor 1 mm equals 1/25.4 in. to at least two 
places more than required in the rounded conversion. 

(b) Round off the results obtained to the nearest rounded 
values as indicated in Fig. 2. depending on the original total 
tolerance in millimeters. 

Example: 

4^). 6 
48.8 

Conversion mt.> inches gives: 

1.95275 
1.92125 

'Ilic iiMa! t'.;|eran(.c equals 0.8 mm ;ind lies between 0.2 
and 2.0 iiini. ai\d the conversion is rounded to the nearest 
.001 \\\. This results in limits ;is follows: 
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5.5-1.2 Plus and Minus Toleranced Dimensions 

(a) Convert the dimension and each deviation into inches 
by means of the conversion factor I mm equals 1/25.4 in., 
to at least two places more than required in the rounded con- 
version. 

(b) Round otT the results obtained to the nearest rounded 
value as indicated io Fig. 2 depending on the original tolal tol- 
eraiicc in miilinietcrs. 



Examples: 

(a) Bilateral Toleranced Dimension 

"3.43 ±0,02 • 

Conversion into inches gives: 

2.890944 ± .000787 

The total tt)lerance equals 0.04 mm and lies between 0.02 
and 0.2 mm, and the conversion is rounded to the neare;,! 
.OOUi in. This results in final dimensions as I'ollows: 

2.8909 ± .0008 

(b) L'nilat'jral Toleranced Dimension 





■iO. OF PLACES 




RETAIM© III 


LIMIT DL'-EitXicrj:^ 










5 


,00001 


k 


.0001 


3 


.001 


2 


,01 


1 


. 1 



FIG. 6 



Example: 



49.0 
48.8 



Conversion into inches gives: 



1.95275 



1.92125 

The total tolerance equals 0.8 mm and lies between 0.2 
and 2.0 nun, and the conversion is rounded inward to 
the nearest .00! m. lliis resuUs in limits as follows: 



75 * «• ' 
0 



Conversion into inches mve^: 



2.^)5276 



+ .01 ISl 
- .000 



The total tolerance equals 0.3 nun and lies between O.Z and 
2 mni, and the C(.)nversion is rounded to the nearest .001 in. 
This results in a dimension as follows: 



2.953 



+ .012 
-.000 



5.5.2 Method B - This method must be employed when 
the original limits niay not be violated even slightly. Method 
B is only directly applicable io limit dimensions, sec 5.5.2.2. 
With limit dimensions, Meiiiod B may iiicrease the lower lim- 
it or decrease the upper limit a maximum of 1 2.79J of the 
total tolerance. Method B may decrease the total tolerance 
a maximum of 25.4%. See Fig- 6 for maximum limit error 
in inches. 

5.5.2.1 Limit Dimensions 

(a) Convert the two values into inches by means of the 
conversion factor I mm equals 1/25.4 in., to a i least two 
places more than required in the rounded conversion. 

(b) Round off each limit toward the interior of the toler- 
ance, that is, to the next lower value for the upper limit and 
to the next higher value for the lower limit. 



1.952 
1.922 

5.5.2.2 Plus and Minus Toleranced Dime 



Method 



B is not directly applicable to plus and minus toleranced di- 
mensions. It' Method B is desired, the dimensions should be 
changed to iinuls and ctjn version pert\)rmed as in 5.5.2.1 . 



txample 



73.43 ±0.02 



Calculate the maximum and minimum hmits m 'Mllime- 



ters: 



7.3.45 
73.41 

Conversion into inches gives: 



2.89 1732 
2.890157 

The total tolerance eqiials 0.04 mm and lies between 0.U2 
and 0.2 mm. and the conversion ib rounded in\\.'ard to the 
nearest. 0001 in. This results m linnis'iis I'ollows; 

; 2.8917 

2.8902 .. 
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6. BASIC DIMENSIONS 

The conversion of a basic dimension shall be rounded ot'i" 
to three places if converted to millimeters and five places if 
converted to inches. This will result in a possible conversion 
error always less than: 

inch-miilimeter .00002 in, 
milUmetcr-inch .000005 in. 

7. POSITION AND FORM TOLERANCE 

Since the position and form tolerance is a total zone toler- 
ance, Figs. 1 and 2 should determine the number of decimal 
places in the converted value and either Method A or Method 
B should be used to determine the degice of accuracy per- 
mitted as it relates to the product and the interchangeabili;y 
requirements. 



8- TOLERANCED DIMENSION APPLIED TO A NONTOL- 
ERANCED POSITION DIMENSION 

if a toleranced dimension is located m d plane, the posi- 
tion of U'hich is given by a nonioleranced basic dimension, 
such as when dimensioning certain conical surfaces, proceed 
as follows: ' 

(a) Round off the basic dimension to the nearest con- 
venient value. 

(b) Calculate exactly, in the converted unit of measure- 
ment: new maximum and minimum limits of the specified 
tolerance zone, in the new plane defined by The new basic 
dimension. 

(c) Roufid off the.se limits in conformity with the present 
rules. 



Exan.ple; A cone of taper .05: 1 has a diameter of 
1 .000 ± -002 in. iii a reference plane iucaied h\ 



9.S2±0.I3 



01 O.aS/OtQ 



1.755 t.003' 



yi B I 0.076/003 



0.025/001 



41.22 



+ao5 

"0.08 



1.623 



'»'^02 
-^03 



II |A 1 0.064/002;^ I 



6.35^0.25 



f.5625-!6 UN-2A 



35. 



.38 




10.01 ±0J3 



.394 +.005 
25.46 10.06 



.0025 +.0025 



2.24 
+ .005 



- 0.05/ 
6 HOLES EQ SP 



0.13/005 g ] 



UNSPECIFIED TOLERAMCES t0.6/t.02 
MILLIMETER 



INCH 



-; MILLiMETEA/IMCH 
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the nontoleranced dimension /^^"hX) in H> viriuc 
of the taper of the cone, the limits of the tolerance 
zone depend on the position of the reference plane. 
Consequently, if the dimension .^K\)0 w.. equ;il^ 
23.6220 mm is rounded off to 23.600 mm (a reduc- 
tion of 0.022 mm) each of the two original limits, 
when converted exactly inio millimeters must be cor- 
rected by 0.022 X 0.05 = 0.00 1 1 mm, in the appro- 
priate sense, before being rounded off. 



9. DR,^W!NG APPLICATION 

The dlu St ration shown m F-ig. V )> example of huw the 
appiiCati(Mi of ttie preceding mstiui.-tioiis luuM appU . With 
the addition uf a design and dral -in^ la^-uiiy uiW block and 
applicable noies. this iilusiraiion could reflect a [ypical dual 
dimensioned drawing. Ail linear dimensions and related tol- 
erances follow Fig. I (or the number of decimal places m the 
conversion round off ,ind Method A lor mlerchan^eabiiiiy 
consideratjon. 
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TAR>£ IB— CONVERSION FROM FRACIlONAt INCHES TO MIlUMirEHS 



TABLE t A— CONVSHJION ftlOM DfQMAL INCHES TO MILUMETETS 
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1 b03 4 
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39 
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74 
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1 27 0 
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7:. 
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4 1 
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42 
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79 
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1 1 17.6 • 
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80 
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3 '' 


52 


2,047 


244 


1 


8/ 


■j,425 


196 




18 


0 708 


661 


4 


53 


7.086 


6l4 


2 


08 


3 464 


566 




\9 i 


0.743 


031 


5 


54 


2.1 25 


9b4 


2 


H9 


3.50^ 


9.17 


0 


:;o ! 
1 


07b7 


401 


6 


55 


1 ^2.165 


354 


3 


90 


3 543 


307 






0.S26 


771 


7 ' 


5e 


2.204 


724 


4 


V 1 


3 :>8 2 


677 






0.066 


I4t- 


7 


5/ 


1 2.244 


U94 


5 


V2 


:i.622 


047 


2 


- i 


, 0.905 


5(1 


A ' 


56 


' 2.283 


464 


& 


9:i 


3,66 1 


41/ 


3 


I 


0.944 


aai 


9 1- 


59 


; 2.322 


834 


6 ,. 


94 


3 700 


7 87 






0 984 


252 


0 


60 


2.36 2 


304 


7 


*5 


3.740 


1 57 






1.023 


6.7 2 


0 . ' 


61 


1 :^.401 


574 


tt 


V6 


3.779 


327 


6 


27 \ 


1,0£2 


VV2 




fii 


2.4 40 


944 


9 


97 


3.eia 


897 


6 


28 1 


1.102 


362 


2 '. 


63 


2 4 80 


315 


0 : 


9«< 


) 3.058 


267 


7 


29 j 




732 


3 


^4 


1 2.519 


685 


0 


VV 


3.897 


6 37 


a 


30 1 


1.1 Bl 


t03 


4 


63 


2.559 


055 


1 


1 uO 


3.937 


008 




31 { 


1.220 


472 




66 


1 :?.398 


422 












32 


1.259 


S42 




67 


; 2.637 


795 


3 '! 












1.299 


2i2 


6 


68 


2 677 


165 














i I.33B 


582 


7 


69 


2.716 


535 


i !^ 










35 


1 1.377 


952 


B 


70 


, 2 7^2 


905 













NOTE: TK« inch «alw»i m i 



abl* or* rOundvU oH. 
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mar.dad Pructica. *nd "o comrnitrnant to' conform to or Da 
guidad by any tachmcal raport 



in fornnulating and approving tacnmcal reports, tna Tachnicai 
Board, its Councils and Contmittaas will not mvastigatn or 
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APPENDIX C 



LENGTH CONVERSION CHARTS 



Yards 



4 5 




Centimeters 



Each division on the left side of 
the above chart stands for yard, 
and each metric division (on the 
right) equals 0.1 m (or 10 cm). 

(To convert feet to meters, first 
divide the number of feet by 3 to 
get yards.) 



Each division on the left side of 
the above chart stands for one 
inch, and each metric division (on 
the rigiit) stands for 1 cm. 

(To convert feet to centimeters, 
first multiply the number of feet 
by 1 2 to-get inches.) 
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APPENDIX D 
LIQUID CONVERSION CHARTS 



Fluid Ounces — Milliliters 
500 

15 —j- 450 
"- 400 

- 330 

10 — I— 300 

- 250 

- 200 
ISO 

h- 100 
50 



Quarts — Liters 
- 10 



10 -t 
9 

8 

7 —I 

6 ■ 

5 ■ 
4 

3 — 

Z ~Z 

I - 



9 
8 

7 
6 
5 
4 
3 

2 
I 



Each division on tiie left side of 
tiie above ciiart stands for 1 
fluid ounce, and each metric 
division (on the right) equals 25 
milliliters. 

(To convert cups to milliliters, 
first multiply the number of 
cups by 8 to get fluid ounces.) 



Each division on the left stands 
for one cup, and each metric 
division (on the right) equals 
0.5 liter (or 500 milliliters). 

(To convert cups to liters, first 
divide the number of cups by 4 
to get quarts.) 



1 0 4 
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APPENDIX E 



MASS (WEIGHT) CONVERSION CHARTS 



Ounces — Grams 



Pounds — Kjiomrams 



16 
16 
14 
13 
12 
11 



10 — 

9 

8 

7 

6 

5 — 

4 

3 — 
2 — 
1 — 
0 



450 



-350 
'300 
-250 
-200 
' 150 
- 100 
-50 



Each division on the left. side of 
the above ch?rt stands tor 1 
ounce» and each metric division 
(on the right) equals 10 grams. 



4 1/2 
4- 

3 1/2 
3 

2 1/2 
2 

1 1/2 
1 

1/2 



1.5 



0.5 



Each division on. the left side of 
the above chart stands for Vz 
pound, and each metric division 
equals 0.1 kilogram (or 100 
grams). 
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APPENDIX F 



TEMPERATURE CONVERSION CHARTS 



Fahrenheit 



Celsius 



Fahrenheit 
o 



no — 

105 — 
100 — 

95 

90 

85 

80 — 

75 

70 

65 — 

60 

55 — 

50 

45 

40 

35 — 

30 

25 

20 

15 

10 — 
5 — 
0 — 
- 4 — 



— 45 
^40 

— 35 
30 

— 25 
20 

— 15 
~ 10 
~ 5 
'— 0 

\ 5 

\ 10 

= 15 

— -20 



Each division on the left side of 
the above chart stands for 5 
degrees Fahrenheit, and each 
division on the right equals one 
degree Celsius. 




Each division on the left side 
equals 25 degrees Fahrenheit, 
and each division on the right 
equals 10 degrees Celsius. 
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APPENDIX G 



CLOTHING METRIC MEASUREMENT CHARTS 
Measurements for Ladies 



inches 



Centimeters 



ERIC 



Misses' 














Misses 














Size 


6 3 


10 


12 


14 15 


18 


on 




C 
D 


8 10 


12 


14 


15 18 


20 


Bust 


30 Vz 31 V2 32 Vz 


34 


36 38 


40 




Bust 


78 


80 83 


87 


92 


97 102 


107 cm 


Waist 


23 24 


25 


26 Vz 


28 30 


32 


34 " 


Waist 


58 


61 64 


67 


71 


76 81 


87 cm 


Hip 


v32Vz<33Vz 34 Vz 36 


38 40 


42 


44 " 


Hip 


83 


85 88 


92 


97 102 107 


112 cm 


BackVyaist Length 15V2 I5^i 16 


I6V4 


16Vz I6V4 17 


17V4" 


Back Waist Length 


39,5 


40 40.5 41.5 


42 


42.5 43 


44 cm 


Miss Petite 














Miss Petite 














Size 


6mp 


8nrip 


lOmp 12rnp 


14rTJp 


16mp 


Size 


6mp 


8mp 


lOmp 


12nip 14nip lamp 


Bust 


30 V2 ' 


31 Vz 


32 Vz 


34 


36 


38 " 


Bust 


78 


80 


33 


87 


92 


97 cm 


Waist 


23 V2 


24 Vz 


25 Vz 


27 


28Vz 


30 Vz" 


Waist 


60 


62 


65 


69 


73 


78 cm 


Hip 


32 Vz 


33 Vz 


34 V2 


36 


38 


40 " 


Hip 


83 


85 


83 


92 


97 


102 cm 


Back Waist Length 


14Vz 


14^4 


15 


15V4 


15Vz 


15V4" 


Back Waist Length 


37 


37.5 


38 


39 


39.5 


40 cm 


J unior 














Junior 














Size 


S 


7 


9 


11 


13 


15 




5 


7 


_9 


11 


13 


15 


B^jst 


30 


31 


32 


33 Vz 


35 


37 " 


Bust 


76 


79 


81 


B5 


89 


94 cm 


Waist 


22 Vz 


23 Vz 


24 V2 


25 Vz 


27 


29 


VV dlbl 




60 


62 


65 


69 


74 cm 


Hip 


32 


33 


34 


35Vz 


37 


39 " 


Hip 


81 


84 


87 


90 


94 


99 cm 


Back Waist Length 


15 


15V4 


I5V2 


15^4 


16 


I6V4" 


Back Waist Length 


38 


39 


39.5 


40 


40.5 


41 .5 cm 


junior Petite 














Junior Petite 














Size 


3jp 


5ip 


7jp 


9ip 


lljp 


13jp 


Size 


3ip 


5ip 


7iP 


91 P 


lljp 




6ust 


30 


31 


32 


33 


34 


35 " 


Bust 


76 


79 


81 


84 


87 


89 cm 


Waist 


22 


23 


24 


25 


26 


27 


Waist 


56 


53 


61 


64 


66 


69 cm 


Hip 


31 


32 


33 


34 


35 


36 " 


Hip 


79 


81 


84 


87 


89 


92 cm 


Back Waist Length 


14 


14V4 


14V2 


14^4 


15 


15V4 " 


Back Waist Length 


35.5 


36 


37 


37.5 38 


39 cm 



Young Junior/Teen 



Young Junior/Tccn 



Size 


5/6 


7/8 


9/10 


11/12 


13/14 


15/16 


Size 


5/6 


7/8 


9/10 


11/12 


13/14 


15/16 


Bust 


28 


29 


30 Vz 


32 


33 Vz 


35 " 


Bust 


71 


74 


78 


81 


85 


89 cm 


Waist 


22 


23 


24 


25 


26 


27 " 


Waist 


56 


58 


61 


64 


66 


69 cm 


Hip 


31 


32 


33 Vz 


35 


36Vz 


38 " 


Hip 


79 


81 


85 


89 


93 


97 cm 


Back Waist Length 


13V2 


14 


14Vz 


15 


15^ 


15%" 


Back Waist Length 


34.5 


35.5 


37 


38 


39 


40 cm 



Women's 



Women's 



Size 


38 


40 


42 


44 


46 


48 


50 


Size 


38 


40 


42 


44 


46 


48 


50 




Bust 


42 


44 


46 


48 


50 


52 


54" 


Bust 


107 


112 


117 


122 


127 


132 


137 


cm 


Waist 


35 


37 


39 


41 Vz 


44 


46 Vz 


49" 


Waist 


89 


94 


99 


105 


112 


118 


124 


cm 


Hip 


44 


46 


48 


50 


52 


54 


56" 


Hip 


112 


117 


122 


127 


132 


137 


142 


cm 


Back Waist Length 


17V4 


17^ 


17Vz 


17V8 


17% 


17V8 


18" 


Back Waist Length 


44 


44 


44.5 


45 


45 


45.5 


46 


cm 



HaJt-Size 
Size 



A0V2 ^2\^ 14V2 16V? le^A 20V? 



Half-Size 

Size IOV2 12V2 14V? I6V2 18V. 20V? 22V2 24V! 



Bust 


33 


35 


37 


39 


41 


43 


45 


47 " 


Bust 


84 


89 


94 


99 


104 


109 


114 


119 


cm 


Waist 


27 


29 


31 


33 


35 


37^'2 


40 


42 Vz" 


Waist 


69 


74 


79 


84 


89 


96 


102 


108 


cm 


Hip 


35 


37 


39 


41 


43 


45 Vz 


48 


50 Vz" 


Hip 


89 


94 


99 


104 


109 


116 


122 


128 


cm 


Back Waist 


















Back Waist 




















Length 


15 


15V4 


15V2 


15% 


15% 


16 


16Vfi 


I6V4 " 


Length 


38 


39 


39.5 


40 


40.5 


40.5 


41 


41.5 cm 



100 
107 



(X 



Measurements for Children 



^"<^^es Centimeters 



Babies 












Babies 












Age 


Newborn { 1 -3 -months i 


6 months 


Age 


Newborn ( 1 -3 months) 




6 months 


Weigh! 


7-13 !bs 






T 5 


-18 Ids. 


Weight 


3-5 Ha 








6-S kg 


Heigh; 








24- 


'26*.:" 


Height 


43-51 cn 






61 -57 cm 


\ oadicrs. 












1 odtllers 












Size 


■ 2 


1 


2 


3 


4 


Size 


J.l 


1 


2 


3 


4 


Breabi 


1 0 


on 


2 1 


22 


23 ■' 


Breast 


48 


5 1 




56 ' 


56 cm 


Waist 


19 


IP'.' 


20 


20^2 


21" 


Waist 


4S 


50 


51 


52 


53 cm 


Approx. Height 


28 


51 

-~ 


34 




— — — - 


40" 


Aoorox Hpinhi 


71 


7? 


37 


94 


1 02 cm 


Children's 












C'liildrcr/s 












Size 


2 3 


4 


5 


6 


6X 


Size 


2 


3 4 


5 


6 


6X 


Breast 


2T 22 


"'2V 


24 


25 


25 b- ■■ 


Breast 


^53 


56 58 


61 


64 


65 cm 


Waist 


20 20 


2 21 


2r.2 


22 


22' 2 " 


Waist 


51 


52 53 


55 


56 


57 cm 


Hp 


22 23 


24 


25 


26 


26 • 2 " 


Hip 


56 


58 61 


fid 


66 


67 cm 


bacK Waisl Length 


Q'2 9 


9- 


2 10 


10^2 


103.4 


Back Waist Length 


22 


23 24 


25.5 


27 


27.5 cm 


Approx. Height 


35 38 


41 


44 


47 


48 " 


Approx. Hziight 


89 


97 104 


112 


119 


122 cm 


Cwirls' 












Cwirls' 












Size 


7 


8 


10 


12 


14 


Size 


7 


8 


10 


12 


14 


Breast 


"26 


27 


^21^2^ 


3q' 


32 ' 


Breast 


66 


69 


73 


76 


81 cm 


Watst 


23 


23^2 


24'2 


25^,2 


26' 2" 


Waist 


58 


60 


62 


65 


67 cm 


Hip 


27 


28 


30 


32 


34 


Hip 


69 


71 


76 


81 


87 cm 


Back Waist Length 


11^2 


12 


123.4 


13^2 


14',.:" 


Back Waist Ler^glh 


29.5 


31 


32.5 


34.5 


36 cm 


Approx. Height 


50 


52 


56 


58 b 


61 " 


Approx. Heignt 


127 


132 1 




149 


155 cm 



Chubbic I chiil*~r.ic 



Size 


8V2C 


IOV2C 


12!2C 


14 be 


Siie 




8V?c 


IOV2C 


I2V2C 


141. 


2 c 


Breast 


30 


31 '2 


33 


34 b-" ; 


Breast 




76 


80 


84 


88 


cm 


Waist 


28 


29 


30 


31 " 1 


WoiSt 




71 


74 


76 


79 


cm 


Hip 


33 


34 '.2 


36 


37 b'" ; 


Hip 




84 


86 


92 


96 


cm 


Back Waist Length 


12' 2 


13U 


14 


14b ■ 




Length 


32 


34 


35,5 


37. t 


) Cfn 


Approx. Height 


52 


56 


58b 


61 '■ 


Approx. H*7 


• ght 


132 


142 


149 


155 


crn 



Mcasurenients for Men and Ikjys 



Inches 



Centtmeters 





Boy 


s' 






Tecn-Boys* 






Boys' 








Teen-Boys' 




Size 


7 


8 


10 


12 


14 


16 


18 


20 


Size 


7 


8 


10 


12 


14 


16 


18 


20 


Chest 


26 


27 


28 


30 


32 


33 V 


y 35 


36V2" 


Chest 






71 




~""81 " 


"85 


89 


93 cm 


Waist 


23 


24 


25 


26 


27 


28 


29 


30 " 


Waist 


58 


61 


64 


66 


69 


71 


74 


76 cm 


Hip (Seat) 


27 


28 


29'/? 


31 


32 V2 


34 


35V2 37 *' 


Hip (Seat) 


69 


71 


75 


79 


83 


87 


90 


94 cm 


Shirt Neck Size 


11% 


12 


127? 


13 


13V2 


14 


14^ 


2 15 " 


Shirt Neck Size 30 


31 


32 


33 


34.5 


35. 


5 37 


38 cm 


Height 


48 


50 


54 


58 


61 


64 


66 


68 " 


Height 


122 127 


137 


147 


155 


163 


168 


173 cm 


Men's 




































Size 


34 


36 


38 


40 


42 


44 


46 


48 


Size 


34 


36 


38 


40 


42 


44 


46 


48 


Chest 


34 


36 


38 


■ 40 


42 


44 


46 


48 


Chest 




92 


97 


"102 


107 


112 


117 122 cm 


Waist 


28 


30 


32 


34 


36 


39 


42 


44 " 


Waist 


71 


76 


81 


67 


92 


99 


107 1 


12 cm 


Hip (Seat) 


35 


37 


39 


41 


43 


45 


47 


49 " 


Hip (Seat) 


89 


94 


93 


104 


109 


1 14 


119 124 cm 


Shirt Neck Size 


14 


14V 


2 15 


'15V2 


16 


I6V2 


17 


17b " 


Shirt Nock 


i^e 35,5 


37 


38 


39 5 


40.5 


<'2 


43 


44.5 cm 


Shirt Sleeve 


32 


32 


33 


33 


34 


34 


35 


35 " 


Sfiirt Sleevf^- 


81 


81 


84 


81 


87 


87 


89 


89 cm 



lOB 
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Page 5 (Unit II', Lesson 1) 



1. 



a. 
b. 
c. 
d. 
e. 
f. 

g- 
h. 



.4 

.17 

.09 

.012 

.0072 

7.03 

53.0002 

29.029 



2. 



a. 
b. 
c. 
d. 
e. 
f. 

g- 
h. 



m. 



r. 



Two-tenths 

Eighty-four hundredths 

Six hundred twenty-one thousandths 

Three and seven-hundredths 

Seven hundred twenty-one thousandths 

Four and fifty-two hundredths 

Thirty-six and nine-thousandths 

Eight and three hundred seventy-two thousandths 

Six and six-hundrcdths 

Four and two hundred eight thousandths 

Sixteen and seventy-five thousandths 

Fifty-thousandths 

One and thirty-two ten-thousandths 

Ten and four thousand nine ten-thousandths 

Nine hundred ninety-eight thousandths 

One hundred forty-nine and seven-tenths 

Thirty-five and four hundred eighty-five thousandths 

Twenty-two dollars and ninety-eight cents 



Page 8 (II - 2) 



1. 
2. 
3. 
4. 
5. 



100 dimes 
740 pennies 
540 dimes 
5400 pennies 
35 dimes 



6. 3500 pennies 

7. 4000 dimes 

8. 1457 pennies ^ 

9. To the right. To multiply. 

10. Multiply. To get more of the smaller units. 



Page 9 (II - 3) 



1. 


$47.82 


6. 


$14 




2'. 


$7.40 


7. 


Sr4.50 




3. 


80 dimfs 


8. 


S22.95 




4. 


67 dimes 


9. 


Left 




5- 


26 dimes 


10. 


Divide. To get 


fewer of the 


12 


(11 - 4) 








1. 


a. meter 


2. a. 


10 


3. a. 




b. centimeter 


b. 


10 


b. 




- c... kilometer 


c. 


.ID 


. 




d. kilometer 


d. 


10 


d. 




e, meter 


c. 


10 


e. 



no. 



a. 
b. 
c. 
d. 



1000 meters 
basic unit 
.01 meter 
.001 meter 



5. 500 meters 

6. a liter 

7. Both the same 

8. .01 



9. Hectogram 
1 0. by the thousand 
watt-hours 



Page 16 (III ^ 1) 



1. 


A. 


3 cm 4 


mm 


or 


3.4 c 








5. 


4* cm 9 


mm 


or 


4.9 em 








C. 


6 cm 5 


mm 


or 


6.5 cm 








D. 


8 cm 0 


mm 


or 


8.0 cm 








E. 


9 cm 8 


mm' 


or 


9.8 cm 








F. 


10 cm 8 


111 m 


or 


10.8 cm 








G. 


12 cm 7 


mm 


or 


12.7 cm 








H. 


14 cm 1 


mm 


or 


14.1 cm 






2. 


A. 


22.2 cm 






E. 


26.6 


cin 




B. 


23.8 cm 






F. 


28.0 


cm 




C. 


24.5 cm 






G. 


29.8 


cm 




D. 


25.4 cm 






H. 


31.9 


cin 


3. 


A. 


21.6 cm 






E. 








B. 


27.9 CM) 






F. 








C. 


4.2 cm 






G. 








D. 


2.1 cm 













4. 



A. 
B. 
C. 



8mm 



A. 

B. 

C. 
D. 
E. 



8 mm 

Smm 



1 2 mm. 



Bnnn 



3n 



2 1 mm 
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1. 



A. 


10.2 


m 


2. 


A. 


4.80 


m 


B. 


3.9 


m 




B. 


10.29 


m 


C. 


12.5 


m 




C. 


9.04 


m 


D. 


142.8 


m 




D. 


26.92 


m 


E. 


.6 


m 




E. 


.45 


m 



A. 
B. 
C. 

D. 
"E. 



Page 20 (lU - 2) 

Chiss Discussion * 

1. milhmeter 

2. centimeters 

3. meters 

4. milHmeters 



a. 
b. 
c. 
d. 



centmu-ter 

centimeter 

centimeter 

kilometer 

meter 



5:5 cm • — centimeters 



millunetcr 

millimeter 

meter 

centimeter 

centimeter 



Note that the correct answer to these questions depends upon the wording of 
the question as well as the degree of accuracy desired. For example, **correct 



.11 1 

2 



to the nearest millimeter*' can actually involve a measurement in centimeter. The 
first decimal place represents the millimeters, of course. This is a good opportunity 
for class discussion and further reinforcement of the concept of decimal parts of 
the different measures. 
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n s Discussion 

I More 

2. About the same. Because .6 of 80 is 48, or about 50. 

3. More 

4. The track that covers a mile 

5. Two more kilometers 

6. 1000 m 
7. 
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1. deka ~ 10 times 
. hecto = 100 times 

kilo = 1000 times 

2. A. meter Examnks will vary. 

B. centimeter 

C. millimeter 

D. kilometer 
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1. 

2. A. 21.6 cm 

B. 27.9 cm 

C. 4.2 cm 

D. 2.1 cm 



3. A. 



mm 



B. (l) 8 mm 

C. mm 



Answers w 



cm 
cm 
cm 



=> 


216 


m ) 


E. 


(1) 


cm 


=> 


rn 


=> 


279 


mm 


E. 


(2) 


cm 


=> 


m 


=> 


42 


mm 


F. 




cm 


=> 


m 


=> 


21 


rnm 


G. 


(1.) 


cm. 




m 








G 


(2) 


cm 




m 


=> 


.8 


cr 












=> 


.8 














=> 




cm 


a: 


d 


. mn i 




cm 


wi! 


1 ^ 















A. 


m 




CIT 


B. 


m 




cm 


C. 


m 




cm 


D. 


m 




cm 


E. 


m 


=> 


cm 



112 

3 



A 

A- 


3io cm 


7. A. 


- 220 cm 


13, 


15.72 m 


B. 


14.9 cm 


C- 


140 m 


C. 


720 mm 


u. 


l\ATb km 


D. 


40 mm 


E. 


338 m 


E. 


.042 km 


r . 


4.yjo rn 


c 
r . 


.16 m 


G. 


2,495 rn 


G. 


350 dm 


H. 


16 cm 


H. 


1 km 


i. 


72 mm 


I, 


.09 m 


J. 


14.3 m 


J. 


2000 mm 
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1. 


8.6 mm = 


.86 


cm 


16. 


7 m = 


700 


cm 


2. 


9 m = 


9000 


mm 


17. 


.9 cm = 


9 


mm 


3. 


.43 km = 


430 


m 


18. 


.00012 km = 


120 


mm 


4. 


6.7 cm = 


.067 


m 


19. 


75 mm = 

' 


7.5' 


cm 


. 5. 


843 mm = 


.843 


m 


20. 


.0136 km = 


13.6 


m 


6. 


.923 cm = 


9.23 


mm 


21. 


5.3 m = 


530 


cm 


7. 


498 m = 


.498 


km 


22. 


53 mm = 


.053 


m 


8. 


28.3 mm = 


2.83 


cm 


23. 


.007 m = 


.7 


cm 


9. 


4300 cm = 


.043 


km 


24. 


.86 m ^ * 


860 


mm 


10. 


923 m 


.923 


km 


25. 


.1 cm = 


1 


mm 


11 


.843 m = 


843 


mm 


26. 


75 m = 


.075 


km 


12. 


86000 mm - 


.086 


km 


27. 


1200 cm = 


.012 


km 


13. 


.0067 km = 


670 


cm 


28. 


136000 mm = 


.136 


km 


14. ' 


4.98 cm = 


49.8 


mm 




1^ m = 


10' 


cm 


15. 


28.3 cm = 


.283 


m 


30. 

ii 


1 mm = 

4 


.1 


cm 
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9. BRAIN TEASER 




/./ 9 



1 . 8 111 -h 5 in = 

2. 8 111 + 5 in = ' 

3. 8 cm + 5 cm = 

4. 8 cm + 5 cm = 

5. 436 m + 764 m = 

6. 8 cm + 2 mm = 

7. 6 cm, +7 mm = 

8. 6 cm + 7 mm = 

9. 4 m +3 cm = 
i 0. 4 m + 3 cm = 

11. 5 cm + 20 mm = 

12. 4 cm + 3 mm = 

1 3. 9 mm 4- 4 mm = 

14. 10 m + 200 cm = 

1 5- 365 cm f 225 cm = 

1 6. 5 cm 4- 9 mm = 

1 7. 356 mm 4- 324 mm 

18. 49 cm 4- 1 8 cm = 

19. 38 m 4- 21 m = 
20! R min" 4^ "13 nVm" = 



13 



:ii 



.13 



.01 3_ km 
m 

130 nim 
1.2_ km 
mm 
mm 
6.7 cm 



82 



67 



4.03 111 

c ; 



403 



c: :i 
mm 
.3 cm 

2 m 

^9 111 

9 mm 
8 cm 



^^70 :nm 
km 

2.1 cm ■ 



6c 

&: 
dc 
6: 
6: 
&: 

6: 

6: 
6: 

6. 

6. 

^ 



(b) 

9 in - 3 ni = 
1 7 cm - 1 2 cm = 
43 km - 33 km = 
7. mm - 4 mm = 
32 cm - 9 cm = 
9 cm - 28 mm = 
9 cm - 28 mm = 
1 km - 530 m = 
1 km - 530 111 = 



9,8 



m = 



9 m - 380 cm = 
0.7 m - 69 cm = 
27 cm - 1 9 cm = 
52 cm - 3 cnr = 
8 cm - 3 cm — 
1 4 cm - 28 nvni = 
7 cm - 28 in:-:i = 
1 1 mm - 8 mm = 
3.9 mm 
^ m'-'1.3 



6 


Ill 


5 


cm 


10 


km 


3 


Mini 


23 


^ in 


62 


mm 


6.2 


c m 


470 


III 


.47 


.111 


9 


u 


5.2 


m 


1 


cm 


8 


cm 


.49 


m 


50 


mm 


112 


mm 


4.2 


cm 


.3 


. m 


1.1 


mm 


IT).- 


^111 



1 1 5 

6 
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57 km 


.' 23 inn 


2.3diM 




1 ' - 


.057 mm 


.01 m 4 Jii 


400ein .1 cm 


1 mm 4 


mm 


.4 cm 


.01 ipm 


23 km 


5.7 r. in 


57 r 






,023 km 


. — ^ 


. 57 c 11 


,057 






23 m 


400 km 4000 m 


4 km 10 m 


1000 cm - 


mm 


4 cm 


10 dm 


j 5"^ dm 


2.3 cm 


230 dm 






57 cm 1 


5.7 m 


23 mm 


23 m 






570 mm 


.01 m .4 cm 


4 mm -^00 m 


.4 km 1 


dm 


10 cm 


.4 mm 


::*7 mm 1 


5.7 kn- 


2300 mm 






230 mm 


5.7 cm 


5700::; 


230 cm 


i 




23 cm 


.1 mm -0 mm 


.04 r:i 10 dm 


] m 400 


mm 1 


A m 


,04 mm 


230 km 


0.057 cm 


23 cm 






570 km j 



1 Id 
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ERIC 



3. 
4. 
5. 



iiULLcr is 92 cm. 7 

Nu. of holes varies acc. to layout 8 

- could be 92 or fewer. 0 

r 70 ni 1.17 km 10 



- m 
1 



258 cm 1.58 m 

30.8 m 385 bri. 
113 holes 

" .6 m 271 bri 

6." 2 vn 122.4 i 



m 
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1. 75 mm or 7,5 cm 

113 mm or 11.3 cm 
12.9 cm 
6.41 cm 

518 cm or 5.18 ni 

3. 44 mm 276 mm 

4. 5.2 cm 16.3 cm 

5. 28.26 m 283 tiles 

6. 314 cm or 3-14 m 

7. 23.55 m 3.14 

8. 112 bricks 

9. 9.04 m 

10. 79.17 cm 3.1416 13.19 cm 



A. 226 mm or 22.6 cm 

13. 239.3 mm or 23.93 cm 

C. 126 mm or 12.6 cm 

D. 77.2 cm 

E. 44.27 cm 



11. 


A. 


45 mm 




B. 


4 mm 




C. 


35 mm 




D. 


7 mm 


12. 




21.99 mm 


13. 




S3 mm 






8.3 cm 


14. 




lO irmi 






1 n 


15. 




33 'ii:)) 
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1 . 35 cm- 



Pago 4 
1 



11.6 m- 



6. 
7. 
8. 
9, 
10 



21 

8.4 m' 
18 in^ 
1.6 111' 
13.2 nr 
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1. 48 cnr 96 cnr 

.2. 1 5 nr 7 5 ni " 

3. a 400 cm- 
(b; 405 cnr 



4. 
5. 



315 nr 
15.8 l: 



117 
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1. 
2. 
3. 
4. 



1500 
15 
32 
111 
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1. 
2. 



3. 

4. 
5. 



7.1 

Inner area 78.5 
Outer area 200.96 
Area of walk 122 
6359 cm^ or .64 



1741 
907 cm 
5.3 



cm 

,2 



.17 



m 



44,000 
4.4 hectares 
triangle 15,400 m = 
rectangle 28,600 m' 

44,000 m- 



6. radius = 1.54 m 
A =7.4m2' 
7. . 8 . 
128 plants 

8. 64.18 cm^ 

9. (a)154 cm^ 
(b) 314 cm^ 

10. 1.5 

5078 cm^ 



2. 
3. 
4. 
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c. 



24 m^ 
192 m^ 
14 m^ 
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1. 
2. 
3. 
4. 
5. 

Page 62 

' - -l:- 

2. 
3. 
4. 



17.3 m-' 
232.6 m' 
1600 cm^ 
.154 
23.3 



■•■A-liter— - 

25<t a liter 

Larger 

4 



or 154p00cm^ 



c. 
f. 



6. 
7. 

.8. 



118 



9. 

10. 



■5.- 
6. 
7. 
8. 



30 
23.9 
52.5 m' 



2.9 

1.7 m -^ 
25344 cm' 
.025344 m^ 
2.2 m 
.6 m 



-5 ml ■■ 
5 cm^ 
.005 1 
181 



(IV 


- 6) 












Unit 




Symbol 

Linear 


Square 


a. 


Textbook 


centimeter 




cm 


cm" 


b. 


Desk top 


centimeter 




cm 


cm* 


c. 


House ext< 


meter 




m 


m^ 


d. 


Floor 


meter 




m 


XT? 


c. 


House lot 


meter 




m 




f. 


Farm 


meter 




m 


m^ a 


g- 


Township 


meter 




m 


mM 


h. 


Wire (cross sect.) 


millimeter 




mm 


mm^ 




4500 Tn2 










.2194 ha 




5. 


154cm2 






20 




6. 


2112 cm^ 






21 




7. 


353 






4 1 




8. 


AoJo ha 





ha, or km^ 
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9. 




1. 


86 ] = 


^086 


kl 


16. 


136000 ml = 


.136 


kl 


2. 


860 ml = 


.86 




17. 


700 dm^ = 


._200 


1 


3. 


.9 kl = 


900 




18. 


.9 cl = 


9 


ml 


4. 


.43 kl = 


430 




19. 


120 cm^ = 


120 


ml 


5. 


67 ml = 


.067 




20. 


7.5 1 = 


7.5 


dm 


6. 


843 ml = 


.843 




21. 


.0136 kl = 


13.6 


1 


7. 


9.23 cm^ = 


9.23 


ml 


22. 


53 ml = 


.053 


1 


8. 


498 1 = 


.498 


kl 


23. 


5.3 1 = 


530 


cl 


9. 


2.83 1 = 


2.83 


dm-' 


24. 


.0007 1 = 


.7 


ml 


10. 


43 1 = 


.043 


kl 


2~5. 


.86 I = 


860 


ml 


11. 


923 1 = 


.923 


kl 


26. 


.1 cl = 


1 


ml 


12. 


.843 1 = 




ml 


27. 


.012 m^ = 


.0j_2 


kl 


13. 


670 ml = 


670_ 


cm' 


28. 


75 1 = 


.£75 


kl 


14. 


4.98 cl = 


49.8 


ml 


29. 


10 cm'' = 


10 


ml 


15. 


283 ml = 


.283 


1 


30.' 


100 ml = 


.1 


1 



119 



10 
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10. MIX AND MATCH PUZZLE II 
(Volume Measure) 





570 kl 




23 cl 




.57 1 






23 kl 




.04 m 


100 1 


.1 kl 


40 kl 


40 m 


3 


4 ml 


4 cm^ 




.1 ml 








23n rl _ 




. 57 1 . 






. 5,7 d 






23 ml 








-UD/ Kl 






c n 1 

57 mi 




.4 ml 


10 cl 


1 dl 


400 dm^ 


400 1 




.4 1 


400 m 


1 


.01 ml 




S79 ml 




23 kl 




23 m! 






, ."i.y 1 






S7 cl 




/3 m 




2.3 cl 






57 dl 




10 dl 


40 cm' 


40 ml 


.01 kl 


10 1 




4 kl 


4 0 00 1 




400 kl 




23 1 




570 dl . . 




570 1 






230 ml 






.023 kl 




57 1 




570 dm^ 






.23 1 




.01 ml 


4^cm^ 


4 ml 


1 ml 


.1 cl 




4 dm^ 


4 1 




.01 1 




057 ml . 




2.3 dl 




:023 ml 






57 kl 





120 



11 
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1. 


125.6 


7(a) 


.350 


2. 


418 


(b) 


350 1 


3. 


25.1 


8. 


30,800 1 


4. 


4.6 


9. 


5 ml 


5. 


1648.5 cm^ 


10. 


180 


6. 


.22 rn^ 
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1. 


1000 


6. 


452 m^ 


2. 


They are the same. 




452,000 i 


3. 


1000 


7. ; 


505 ml 


4. 


3000 cm' 


8. 


401.9 m^ 




3000 ml 


9. 


9.5 kl 


5. 


5 m^ 


10. 


9.5 1 
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Class discussion 
1, a, kilogram 

b. kilogram 

c. kilogram 

d. gram 

e. ton 



2. 
3. 



h. 



J- 



Metric ton is 1.1 times an English (short) ton 
1 gram = .036 ounce 
3.6 ounces 



kilogram 

ton 

ton 

milligram 
gram 



100 grams 



Problems 

1. a, kilogram 



a. 
b. 
c. 
d. 
a, 
b, 
c. 



fewer 
divide by 2.2 
multiply by 2.2 
3 kg 

3g 
3g 
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1. 32°F 

2. 0°C 

3. 100°C 

4. 212°F 

5. On the Celsius scale 



3. 1.2 kg 

4. 60 kg 

5. 36 t 

6. 25g 

7. 1149 kg or 1.15 t 

8. No. Total weight was 5.5 t. 

9. Over by 105 mg or .1 g 
1(^_ 7.5 mg 



6. 68°F 

7. 20°C 

8. 37°C 

9. 98.6°F 
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1. 
2. 
3. 
4. 

■■-■■s:" 

6. 



39°C 
-12°C 
36°C 
25°C 

-18°C 



7. 
8. 
9. 



10. 



121 



160°C 
232° C 

Water or brine 16°C 

Oil 38°C to 60°C 

Very "slow' ' 120°' to i35°""c 

Slow 150° to 165° C 

Moderate 175° to 190° C 

Hot 205° to 245° C 



12 
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Class discussion 

L Unified National Thread - UNC, UNF. UNEF 

2. ISO metric threads 

3. No. 

4. It wouid be possible to replace damaged or missing screws and bolts 
anywhere in the world. 

5. Standardization of screw threads — metric instead of inches and metric. 
Simplification — fewer sizes to manufacture, keep in stock, etc. 

6. To make repairing and replacing of parts simpler. 
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1. 




12 mm 


5. 


a. 


24 mm 


2. 


a. 


1-75 mm 




b. 


3.0 mm 




b. ■ 


coarse-series 




c. 


coarse-series 


3. 


a. 


16 mm 


6. 


ii. 


1 6 mm 




b- 


1.5 mm 




b. 


2.0 mm 




c. 


fine-series 




c. 


coarse-series 


4. 


a. 


24 mm 










b. 


2.0 . mm 










c. 


fine- series 
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